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f UNIQUE 


Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 
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The unique TRI-NORINYL SUPPLIED IN THE 
phasing achieves BTB EXCLUSIVE SYNTEX 
control equivalent to a 1/35 WALLETTE™ PILL 
formulation, but with 29% 


DISPENSER 

less progestin per cycle. Gi PAD 
This is, in fact, the greatest O i 4 be 
progestin reduction of any © ve 
norethindrone-based i Ai K 
multiphasic. TRI-NORINYL ~ e %% 
lowers progestin where Y 
requirements for endome- 
trial support are reduced— 
with no greater reported 





Preferred by patients 3 to 1 
over other available packages 


BTB than a 1/35 formulation* ; , 
for convenience, discreetness 
9 DAYS 10 MG ; sy 
NORETHINDRONE and compliance’ 
7 DAYS 0.5 MG 5 DAYS 0.5 MG 


NORE THINDRONE NORETHINDRONE 
21 DAYS 0.035 MG ETHINYL ESTRADIOL 


THE NATURE OF 


“1/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethinyl estradio!. Data available from 


Syntex Laboratories, Inc. 


**Based on a nationwide, independently conducted survey of prospective oral contraceptive patients. 


Data available from Syntex Laboratories, Inc. 


Serious as well as minor side effects have been reported following the use of all oral contraceptives. 
These include thromboembolic disease. Please see brief summary of full prescribing information 


@ on next page. 


SYNTEX LABORATORIES, INC 


PALO ALTO, CA 94304 ©1986 Syntex Laboratories, Inc. 
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ag THE NATURE OF 


 TRI-NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL” 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethiny! estradiol 


WW? 0.035 mg) 
Se TRI-NORINYL" 28-Day Tablets (7 blue tablets of norethin- 
Pe so drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
; of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 


blue tablets of norethindrone 0.5 mg with ethinyl estradiol 

Si = 0035 mg; 7 inert tablets) 

~ ORAL CONTRACEPTIVE (0.C.) AGENTS 

~. — Indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
Ere BOLISM. Because studies have shown a positive association between OC estro- 
peer gen dose and risk of thromboembolism, it is prudent to minimize estrogen 


re. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCs 
containing 0.05 mg or less of estrogen. 
Contraindications 1. Known or suspected pregnancy (see Warning #5). 2. 
Thrombophiebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undiagnosed abnormal genital 
bleeding. 5. OCs should not be used by women who have or have had any of the 
following: a. cerebral vascular or coronary artery disease, including myocardial 
infarction. b, co oh s ryers marie of the aoe 4 known or 4 
pected estrogen dependent neoplasia. d. benign or malignant liver tumor that 
developed during use of OCs or other estrogen containing products 


WARNINGS: Cigarette increases the risk of serious cardiovascu- 
lar side effects from OC use. risk increases with age and with heavy 


sanoa cigarettes d is quite marked in women 
a ia dane Women Savana ees should be strongly advised not 


The use of OCs is associated with increased risk of several serious conditions 
| including thromboembolism, stroke, myocardial infarction, liver tumor, gall 
bladder disease, visual disturbances, fetal abnormalities, and hypertension. 
| Practitioners phi: ie 90s should be familiar with the following informa- 
-| tion relating to these risks. 


1, Thromboembolic Disorders and Other Vascular Problems: An increased risk of 
~ „ thromboembolic and thrombotic disease associated with OC use is established. 
| =& One study demonstrated an increased relative risk for fatal venous thromboem- 
~ * ,  bolism and several studies demonstrated it for non-fatal venous thromboembol- 
~- ism They estimate that OC users are 4-11 times more likely than nonusers to 
; develop these diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
lar disease. Another British study showed a lower death rate in OC users than 
controls; an increase in cardiovascular deaths was seen but was not statistically 
significant. A U.S. prospective study failed to disclose increased mortality rates 
-„efrom cardiovascular disorders, but a subset analyzed as a retrospective, case- 
control study showed significant increases in venous thromboembolism. CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies, In an American study of 
cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-9.5 times greater in users than nonusers. A British long- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
ie eam “25s was too small to estimate the risk. Subarachnoid hemorrhage 
Da shown to be increased by OC use in British and American studies. 
@ Smoking alone increases incidence of these accidents; smoking and pill use 

s appear to increase risk more than either alone. 


„MYOCARDIAL INFARCTION (MI). Increased relative risk of MI associated with 
OC u# has been reported. One British study found that the greater the number of 
erlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
olesterolemia, obesity, diabetes, history of preeclamptic toxemia) 

the Wigher the risk of developing MI, regardless of OC use. OCs were an 
addit@nal risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
Mi) are twice as likely to have a fatal MI as nonsmoking nonusers. OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
smoking users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. Ema are based on British vital statistics which show acute MI 
death rates 2-3 times less than in the U.S. so U.S. death rates could be higher.) 
se ee of other predisposing conditions in determining relative and absolute 
isks has not been quantified; other synergistic actions may exist. RISK OF 















ae eek DOSE. Using data from several national adverse reaction reporting systems, 
fal? British investigators concluded that risk of thromboembolism, including coro- 
fe nary thrombosis, is directly related to estrogen dose in OCs. OCs with 0.1 mg or 
hee more of estrogen were associated with a higher risk of thromboembolism than 


bs those containing 0.05-0.08 mg but quantity of estrogen may not be the sole 
Ree factor This was supported by a US. study. A British study found a positive 
me association between dose of progestogen or estrogen and certain thromboembol- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Careful 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with progestogen-only OCs have not been done. Thromboembolic 
disease has been reported in women using these gee and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for MI; another st ested the 
Sera on of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
i s mated mortality rate per 100,000 women per year from circulatory system 
Tayt diseases for OC users and nonusers according to age, smoking habits, and 
Y duration of use. The overall annual excess death rate tor OC users was estimated 
to be 20/100,000 (ages 15-34-5/100.000; ages 35-44-33/100,000; ages 45- 
, 49~-140/100,000). Risk is concentrated in long-term users and in smokers, and 
f may persist after OC discontinuation. Although the study showed a 10-told 
Pie increase in death due to circulatory diseases in users for 5 or more years, all 
“ occurred in women 35 or older An update provided the following rates: ages 
15-34-1/6700 for nonsmokers and 1/2000 for smokers; ages 45 and over- 
Fs 1/2500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
he with parity, but not with duration of use. Until more women under 35 with 
s; continuous use for 5 or more years are available, it is not possible to assess 
relative risk for this age group. Data from a variety of sources have been 
: analyzed to estimate the risk of death associated with various methods 
` of contraception. Estimates include combined risk of the contraceptive 
x method (e.g., thromboembolic and thrombotic disease for OCs) plus risk 
Y attributable to pregnancy or abortion it the method fails (which varies with 
the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with all contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. (Rates given for pill only’ 
smokers for each age are for smokers as a Class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double; for “light” smokers 
(less than 15), about half.) The lowest mortality is with the condom or 
diaphragm backed up by early abortion. The study also concluded that OC 
users who smoke, especially over 30, have greater mortality risk than OC users 

who,do not smoke. 
~ Risk of thromboembolic and thrombotic disease associated with OCs increases 





with after 30 and for MI is further increased by hypertension, hyperlipide- 
mias, ity diabetes, or history of preeciamptic toxemia, and pen eg l by 
_ smoking:..The following chart gives a gross estimate of risk of death trom 


circulatory disortiets associated with OC use. 
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SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—RISK ASSOCIATED WITH USE OF OCs 


Age Below 30 30-39 40+ 
Heavy smokers C B A 
Light smokers D C B 
nsmokers 
(no predisposing conditions) D c,D C 
Nonsmokers 
(other predisposing conditions) C C.B B.A 


A—Use associated with very high risk. 
B-Use associated with high risk. 
C—Use associated with moderate risk. 
D-Use associated with low risk. 
Physician and patient should be alert to earliest manifestations of thromboembol- 
ic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, discontinue OC 
immediately. A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. If feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization. Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
Suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use, Discontinue OC if there is unexplained, sudden, or 
gradual, partial or complete loss of vision; onset of proptosis or diplopia; 
papilledema; or retinal vascular lesions, and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma: Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
or malignant, such as breast, cervix, vagina, uterus, ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules, benign and malignant. in dogs. Several retrospective case- 
control studies reported an increased relative risk (31-13.9 times) associating 
endometrial carcinoma with the prolonged use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without predisposing risk factors for adeno- 
carcinoma of the endometrium (e.g., irregular bleeding when OCs were first 
ven, polycystic ovaries), nearly all occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
suggesting an increased risk of endometrial cancer in users of conventional 
combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was suggested for OC users with documented benign 
breast disease and for long-term (2-4 years) users. Another study found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
ars than among nonusers with breast cancer. One other study indicated an 
increasing risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years) OC use prior to first full term pregnancy was associated with a significant 
relative risk of breast cancer, and other studies suggested an incr risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence of 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in situ in OC users compared to nonusers. This became statistical 
significant after 3-4 years of use. Nonreversal of dysplasia within the first 
months of pill use was suggested to predict progression after prolonged expo- 
sure. One study disclosed an increased risk of cancer of the cervix (largely 
carcinoma in situ) in OC users under 40, particularly those who had used OCs 
over 4 years. Two other studies ame an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all OC users is, nevertheless, 
essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate epo measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture and 
hemorrhage of a liver tumor. There have been reports associating benign or 
malignant liver tumors with short-term and long-term OC use. One study 
reported use of OCs with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration of 
use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatocellular adenoma of 3-4/100,000. 
Although an uncommon lesion, it should be considered in women presenting with 
an “acute abdomen”. The tumor may cause serious or fatal hemorrhage. Patients 
with liver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of right upper 
quadrant masses, while most had signs and symptoms of acute intraperitoneal 
hemorrhage. Routine radiological and laboratory studies may not be helpful. Liver 
scans may show a focal defect. Hepatic arteriography may be useful in — 
ing primary liver neoplasm. 5. Use in or appre cai d Preceding Pregnancy, Birth 
Defects in Offspring, and Malignancy in Female Offspring: Use of temale sex 
hormones—estrogenic and progestational agents—during early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethylstilbestrol, a 
nonsteroidal sr do as have an increased risk of developing in later life a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care. A high percentage of 
women ex to diethylstilbestro! (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not 
known whether they are a precursor of vaginal malignancy. Male children so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, it cannot be presumed that they would not 
induce similar changes. Increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs, in pregnancy. One case-control study estimated a 4.7-fold increased relative 
risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a tew days of treatment. Data anpa 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1/1000 
live births. In a large coos study, cardiovascular defects in children born to 
women who received female hormones, including OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 for children not so exposed in 
utero. These results are statistically significant. A Welsh study found a statisti- 
cally significant excess of neural tube defects among offspring of prior OC users 
(within 3 months) than among controls. The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC use. In the 
past, female sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective, 
and there is no evidence from well controlled studies that progestogens are 
effective for these uses. There is some evidence that tripioidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown. If 
the patient has not adhered to the prescribed schedule, consider possible preg- 
nancy at the first missed period (or 45 days from the last menstrual period if 
rogestogen-only OCs are used) and discontinue OC use until pregnancy has 
en ruled out. For any patient who has missed two consecutive periods, rule 
out pregnancy before continuing the OC. If pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant should use an 
alternate form of contraception for a period of time 
ceive. A 3-month period is supported by a study suggesting increased frequency 
of neural tube defects in women impregnated during the first 3 months after 
cessation of OC use. Do not use progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding as a pregnancy test. 6, Gal/ Bladder 
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Disease: Studies report increased risk of gall bladder disease in OC or estrogen 
users. In one study, an increased risk appeared after 2 years of use and doubled 
after 4-5 years. In another study, an increased risk was apparent between 6 and 
12 months. 7 Carbohydrate and Lipid Metabolic Effects: Because a decrease in 

lucose tolerance has been observed in a ee percentage of patients on 
OCs, prediabetic and diabetic OC users should be carefully observed. An 
increase in triglycerides and total phospholipids has been observed in OC users 
but its clinical significance is unknown. 8. Elevated Blood Pressure: An increase 
in blood pressure has been reported with OC use. Hypertension may occur 
within a few months of beginning OCs. in the first year of use, incidence of 
hypertension may be no higher in OC users than in nonusers. Incidence in users 
increases with exposure and in the fifth year of use is 2.5-3 times that in the 
first year. Age is strongly correlated with hypertension in OC users. Women with 
a history of elevated blood pressure (hypertension), preexisting renal disease, 
history of toxemia or elevated blood pressure during pregnancy, familial ten- 
dency to hypertension or its consequences, or history of excessive weight gain 
or fluid retention during the menstrual cycle may be more likely to develop 
elevated blood pressure when given OCs and should be monitored closely. Even 
though elevated blood pressure may remain within the “normal” range. closely 
watch elevations, particularly for women with other risk factors for cardiovascu- 
lar disease or stroke. High blood pressure may or may not persist after UC 
discontinuation. 9. Headache: Discontinue OC and evaluate the cause of onse: or 
exacerbation of migraine or development of a new pattern of headache whic? s 
recurrent, persistent, or severe. 10. rong. afk ge Breakthrough bleed- 
ing, spotting, and missed menses often make users discontinue OCs. in break- 
through bleeding, as in all cases of irregular bleeding from the vagina, consider 
nonfunctional causes. In undiagnosed persistent or recurrent abnormal bleeding 
from the vagina, use adequate diagnostic measures to rule out pregnancy or 
malignancy. If pathology has been excluded, time or another formulation may 
solve the problem. While potentially useful in minimizing menstrual irregularity, 
change to an OC with a higher estrogen content only if necessary since this may 
increase the risk of thromboembolic disease. Women with a history of a a 
menorrhea or secondary amenorrhea or young women without regular cycles 
may tend to remain anovulatory or to become amenorrheic after OC discontin- 
uation. Women with these preexisting problems should be advised of this and 
encouraged to use other contraceptive methods. Post-use anovulation, parey 
prolonged, may occur in women without previous irregularities. A higher inci- 
dence of er and of pituitary tumors (e.g., adenomas) has been asso- 
ciated with amenorrhea in former users compared with nonusers. One study 
reported a 16-fold increased incidence of pituitary prolactin-secreting tumors 
among patients with postpill amenorrhea when galactorrhea was present. 11 
Infertility: There is evidence of impairment of fertility in women discontinuing 
OCs in comparison with other contraceptive methods, which appears to be 
independent of duration of use, While impairment diminishes with time, there is 
an appreciable difference in the results in nulliparous women for OC and other 
groups 30 months after discontinuation of birth control. For parous women the 
difference is not apparent 30 months after cessation of contraception. One study 
suggest Chiamydia trachomatis intection, the leading cause of nongonococcal 
PI.D., is enhanced by OCs. 12. Ectopic Pregnancy: Ectopic as well as intrauterine 
pregnancy may occur in OC failure. In progestogen-only OC failures, the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more effective in preventing intrauterine than ectopic pregnancies. 13. Breast 
Feeding: OCs in the postpartum period may interfere with lactation by decreas- 
ing pg and quality of breast milk. A small fraction of OC hormonal agents 
has been identified in milk of mothers receiving OCs. Effects, if any, on the 
breast-fed child have not been determined. If feasible, defer OC use until the 
infant has been weaned. Precautions GENERAL 1. Take a complete medical and 
a, history before starting OCs. Pretreatment and periodic physical exams 
should include special reference to blood pressure, breasts, abdomen and pelvic 
ome. including Papanicolaou smear and relevant lab tests. As a general rule, 
OCs should not be prescribed for longer than 1 year without another physical. 2 
Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may enlarge. 3. Observe patients with a history of psychic depres- 
sion and discontinue OCs if depression recurs to a serious degree. Patients 
becoming significantly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma or 
cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaundice 
during preg have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metabolized 
in patients with impaired liver function and should be administered with caution 
in such patients. 7 OC users may have disturbances in normal tryptophan 
metabolism that may result in a relative pyridoxine deficiency. The clinical signif- 
icance is unknown. 8. Serum folate levels may be depressed by OC use. Since 
the pregnant woman is precooosee to folate deficiency and incidence of folate 
deficiency increases with increasing gestation, if a woman becomes pregnant 
shortly after stopping OCs, she may have a greater chance of developing folate 
deficiency and related complications. 9. Advise the pathologist of OC use when 
relevant specimens are submitted. 10. Certain endocrine and liver function tests 
and blood components may be affected by estrogen-containing OCs. For exam- 
ple: a. Increased sulfobromophthalein retention. b. Increased prothrombin and 
factors VII, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet a ah nag c. Increased thyroid binding globulin (TBG) lead- 
ing to increase rity! total thyroid hormone, as measured b 
protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is 
unaltered. d. Decreased pregnanediol excretion. e. Reduced response to metyra- 
pone test. f. Increased phospholipids and triglycerides. g. Temporarily decreased 
glucose tolerance. 11. Contact lens wearers who develop visual changes or 
changes in lens tolerance should be assessed by an arly ey and tempo- 
rary or permanent cessation of wear considered. DRUG INTERACTIONS. OCs 
may be less effective and there may be increased breakthrough bleeding from 
interactions with rifampin, isoniazid, ampicillin, tetr ine, neomycin, penicillin 
V, chloramphenicol, sulfonamides, nitrofurantoin, barbiturates, phenytoin, primi- 
done, analgesics, tranquilizers, antimigraine preparations, antihistamines, and 
eget OCs may alter effectiveness of such other drugs as oral anticoagu- 
ants, anticonvulsants, tricyclic antidepressants, antihypertensive agents (e.g.. 
guanethidine), vitamins, hypoglycemic agents, tranquilizers, hypnotic prepara- 
tions, theophylline, and beta blockers. Toxic liver effects have been reported with 
a combination of an OC and cyclosporin A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category X. See Contraindications and Warnings 
NURSING MOTHERS See Warnings. Reactions An increased risk of the 
following serious adverse reactions has been associated with OC use (see Warn- 
ings): thrombophlebitis, thrombosis, pulmonary embolism, coronary thrombosis, 
cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral hemorrhage, 
hypertension, gall bladder disease, congenital anomalies, neuro-ocular lesions, 
e.g., retinal thrombosis and optic neuritis, Raynaud's disease, arterial throm- 
boembolism. The following adverse reactions have been reported in OC users 
and are believed to be drug related: bleeding irregularities (breakthrough bleed- 
ing, spotting, missed menses during treatment, amenorrhea after treatmen 
gastrointestinal symptoms (nausea, vomiting, bloating, abdominal cramps, 
colitis), dysmenorrhea, infertility after discontinuance of treatment, edema, 
chioasma or melasma which may persist after drug is discontinued, breast 
changes (tenderness, enlargement, and secretion), intolerance to contact lenses, 
changes in corneal curvature (steepening), change in weight (increase or 
decrease), change in cervical erosion and cervical secretion, possible diminution 
of lactation when given immediately postpartum, cholestatic jaundice, migraine, 
increase in size of uterine leiomyomata, rash berate mental depression, 
reduced tolerance to carbohydrates, vaginal candidiasis, prolactin-secreting pitu- 
itary tumors, chilblains. The following adverse reactions have been reported in 
OC users and the association has been neither confirmed nor refuted: premen- 
strual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, 
cystitis-like syndrome, headache, nervousness, dizziness, hirsutism. loss of hair, 
erythema multiforme, erythema nodosum, hemorrhagic eruptions, vaginitis, 
porphyria, impaired renal function, malignant nephrosclerosis (hemolytic uremic 
syndrome), malignant hypertension, acute renal failure. Information for the 
Patient (See Patient Package Insert). 
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A Standard in Progesterone Therapy 


Provera’: 


medroxyprogesterone acetate 


WARNING 

THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED. 

Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion or 
treat threatened abortion. There is no adequate evidence that such 
use is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
to influence. In addition, the use of progestational agents, with their 
uterine-relaxant properties, in patients with fertilized defective ova may 
cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study 
estimated a 4.7-fold increased risk of limb reduction defects in infants 
exposed in utero to sex hormones (oral contraceptives, hormone with- 
drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short.and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 

lf the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 





INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic pathology such as fibroids or 
uterine cancer. 
CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders, cere- 
bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
tion or disease. Known or suspected malignancy of breast or genital organs. 
Undiagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
progesterone acetate. As a diagnostic test to pregnancy. 
WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis, 2. Beagle dogs 
treated with medroxyprogesterone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in control 
animals, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
has not been established. 3. Discontinue medication pending examination if 
Y there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
or migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
tion. 4, Detectable amounts of progestin have been identified in the milk of 
mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (see Warning box). 
6. Three major studies in Great Britain and one in this country have shown a 
Statistically significant association between thrombophlebitis, pulmonary embo- 
lism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
» has been estimated that users are several times as likely to undergo thrombo- 
~ embolic disease without evident cause as nonusers. The American study indi- 
cated that the risk did not persist after discontinuation, and it was not enhanced 
by long-continued administration. 
PRECAUTIONS: A pretreatment physical exam should include special refer- 
ege to breast and pelvic organs and a Papanicolaou smear. This drug may 
cause fluid retention; therefore, carefully observe patients with conditions influ- 


enced by fluid retention such as epilepsy, migraine, asthma, and cardiac or 
renal dysfunction. In irregular bleeding per vaginum, bear in mind nonfunc- 
tional causes and perform adequate diagnostic measures. Advise pathologist 
of therapy when submitting relevant specimens. Carefully observe patients with 
history of psychic depression and discontinue drug if serious depression — 
recurs. Any possible influence of prolonged therapy on pituitary, ovarian, adrenal, 
hepatic, or uterine function awaits further study. Decreased glucose tolerance 
has been observed in a small percentage of patients on estrogen-progestin - 
combinations; therefore, carefully observe diabetic patients receiving progestin 2) s| 
therapy. Age constitutes no absolute limiting factor, although onset of climacteric 
may be masked. Because of the occasional occurrence of thrombotic disorders 
(thrombophlebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- 
cular disorders) in patients taking estrogen-progestin combinations and since 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient Information for complete prescribing 
information.) _ 
ADVERSE REACTIONS: Pregnancy: (see Warning box); Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patients; Thromboembolic Phenomena including thrombo- 
phlebitis and pulmonary embolism. 
The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleedin 
spotting; change in menstrual flow; amenorrhea; edema; change in igh 






changes in cervical erosion and secretions; cholestatic jaundice; rash (allergre) 
with and without pruritus; mental depression; anaphylaxis and anaphylagtoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A statistically significant association has been demonstrated between use of 
estrogen-progestin combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 

Although available evidence is suggestive, a relationship has been neither 
confirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; back- 
ache; hirsutism; loss of scalp hair; erythema multiforme; erythema nodosum; 
hemorrhagic eruption; and itching.Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
VII, VII, IX and X); metyrapone test; pregnanediol determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T? uptake values). 


Caution: Federal law prohibits dispensing without prescription. 
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Akolisa Anyaegbunam, M.D., Lois Brustman, M.D., Michael Divon, M.D., and 
Oded Langer, M.D. 
Bronx, New York 


A link between relative hypoglycemia-hypoinsulinemia during oral 711 
glucose tolerance tests and intrauterine growth retardation 

Oded Langer, M.D., Karla Damus, Ph.D., Mitchell Maiman, M.D., Michael Divon, M.D., 

Judith Levy, M.D., and William Bauman, M.D. 

Bronx, New York 


Capillary blood glucose screening for gestational diabetes: A preliminary 717 
investigation 
Mark B. Landon, M.D., George S. Cembrowski, M.D., Ph.D., and Steven G. Gabbe, M.D. 


Philadelphia, Pennsylvania 


Transabdominal and transvaginal endosonography: Evaluation of the 721 
cervix and lower uterine segment in pregnancy 

James E. Brown, M.D., Lieutenant Colonel, MC, USA, Gary A. Thieme, M.D., 

Dinesh M. Shah, M.D., Arthur C. Fleischer, M.D., and Frank H. Boehm, M.D. 4 


Nashville, Tennessee 


Intrapartum assessment of fetal well-being: A comparison of fetal 726 
acoustic stimulation with acid-base determinations 

Carl V. Smith, M.D., Hoa N. Nguyen, M.D., Jeffrey P. Phelan, M.D., and 
Richard H. Paul, M.D. 

Los Angeles, California 





Fetal heart rate responses to maternal exercise 729 
Raul Artal, M.D., Susan Rutherford, M.D., Yitzhak Romem, M.D., 

Rao K. Kammula, M.Sc., Fred J. Dorey, Ph.D., and Robert A. Wiswell, Ph.D. 

Los Angeles, California 


Use of the Greenfield filter for thromboembolic disease in pregnancy 734 
Charles H. Hux, M.D., Ronald J. Wapner, M.D., Benjamin Chayen, M.D., 

Pawan Rattan, M.D., Bruce Jarrell, M.D., and Lazar Greenfield, M.D. 

Philadelphia, Pennsylvania, and Richmond, Virginia 
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Paraplegia and quadriplegia: Special considerations during pregnancy 738 
and labor and delivery 


Jeffrey S. Greenspoon, M.D., and Richard H. Paul, M.D. 
Los Angeles, California | 


Teenage pregnancy: A multiracial sociologic problem 741 
Dorothy Reycroft Hollingsworth, M.D., and Marianne Felice, M.D. 
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Neonatal outcome after indomethacin (ae ja for preterm labor 747 
Jennifer R. Niebyl, M.D., and Frank R. Witter, M.D. | 


Baltimore, Maryland 


Motor and cognitive development of infants with intraventricular 750 
hemorrhage, ventriculomegaly, or periventricular parenchymal lesions 

James A. Low, M.D., Ruth S. Galbraith, M.D., Eric E. Sauerbrei, M.D., 

Darwin W. Muir, Ph.D., Helen L. Killen, R.N., Elizabeth Pater, R.N., and 

E. Jane Karchmar, B.A. 

Kingston, Ontario, Canada 
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Jeffrey A. Maier, M.D., Arieh Bergman, M.D., and Michael G. Ross, M.D. 
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efficiency 
James N. Macri, Ph.D., Ramana V. Kasturi, B.E., M.S., David A. Krantz, B.S., and 
Kevin E. Koch, B.S. 

Carle Place, New York 
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Mycelex Twin Pack 


(clotrimazole) 


One-day therapy 
Mycelex-G 500% 
(clotrimazole) Vaginal Tablet 
Seven-day therapy 
Mycelex 1% 
(clotrimazole) 
Cream 






Indications 
MYCELEX*-G 500 mg Vaginal Tablets are indicated for 
the local treatment of vulvovaginal candidiasis when one- 
day therapy is felt warranted. In the case of severe vul- 
vovaginitis due to candidiasis, longer antimycotic therapy 
is recommended. 
MYCELEX* CREAN is indicated for the topical treatment 
of dermal infections due to Candida albicans. 
Contraindications 
MYCELEX-G 500 mg Vaginal Tablets and MYCELEX 
CREAM are contraindicated in women who have shown 
hypersensitivity to any of their components. 
Warnings 
MYCELEX-G 500 mg Vaginal Tablets: none. MYCELEX 
CREAM is not for ophthalmic use. 
Precautions 
MYCELEX-G 500 mg Vaginal Tablets: If there is a lack of 
response to the Vaginal Tablets, appropriate microbio- 
logical studies should be repeated to confirm the diag- 
nosis and rule out other pathogens before instituting an- 
other course of antimycotic therapy. 
MYCELEX CREAM: If irritation or sensitivity develops 
with the use of Mycelex Cream, treatment should be dis- 
continued and appropriate therapy instituted. 
Carcinogenesis 
MYCELEX-G 500 mg Vaginal Tablets: No long-term stud- 
ies in animals have been performed to evaluate the car- 
cinogenic potential of 500 mg Vaginal Tablets 
intravaginally. A long-term study in rats (Wistar strains) 
where clotrimazole was administered orally provided no 
indication of carcinogenicity. 
Usage in Pregnancy: Pregnancy Category B: 
MYCELEX-G 500 mg Vaginal Tablets: The disposition of 
'4C-clotrimazole has been studied in humans and ani- 
mals. Clotrimazole is poorly absorbed following intravag- 
inal administration to humans, whereas it is rather well 
absorbed after oral administration. 
In clinical trials, use of vaginally applied clotrimazole in 
pregnant women in their second and third trimesters has 
not been associated with ill effects. There are, however, 
no adequate and well-controlled studies in pregnant 
women during the first trimester of pregnancy. 
Because animal reproduction studies are not always pre- 
dictive of human response, this drug should be used only 
if clearly indicated during the first trimester of pregnancy. 
MYCELEX CREAM: In the first trimester of pregnancy, 
Mycelex Cream should be used only when considered es- 
sential to the welfare of the patient. 
Adverse Reactions 
MYCELEX-G 500 mg Vaginal Tablets: Of 297 patients in 
double-blind studies with the 500 mg vaginal tablet, 3 of 
149 patients treated with active drug and 3 of 148 patients 
treated with placebo reported complaints during therapy 
that were possibly drug related. In the active drug group, 
vomiting occurred in one patient, vaginal soreness with 
coitus in another, and complaints of vaginal irritation, itch- 
ing, burning and dyspareunia in the third patient. In the 
placebo group, clitoral irritation occurred in one patient 
and dysuria, described as remotely related to drug, in the 
other. A third patient in the placebo group developed bac- 
terial vaginitis which the investigator classed as possibly 
related to drug. 
MYCELEX CREAM: The following reactions have been 
reported in connection with the use of this cream: ery- 
thema, stinging, blistering, peeling, edema, pruritus, ur- 
ticaria, and general irritation of the skin. 

Issued, July 1986 
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POSITION AVAILABLE— 
REPRODUCTIVE 
ENDOCRINOLOGIST 


The Knoxville unit of the University of Tennes- 
see's College of Medicine, Department of Ob- 
stetrics and Gynecology, seeks Board Eligible 
or Board Certified reproductive Endocrinolo- 
gists at Assistant Professor, tenure track level. 
Higher level possible, depending on outstand- 
ing experience. 

Successful candidate will have University 
funding for resident teaching, with ample op- 
portunities for private practice development. 
Expansive practice opportunity developed 
and awaiting appropriate candidate. Experi- 
enced microsurgeon and interest in continu- 
ing development on an in-vitro fertilization 
program required. Opportunities for scientific 
and clinical research related to reproductive 
endocrinology. 


Reply to: 





Bruce E. Walker, M.D. 
Interim Chairman 
U-27 
1924 Alcoa Highway 
Knoxville, Tennesee 37920 
An Affirmative Action/Title IX/Section 504 Employer 


Perinatologist 


The Department of Obstetrics and Gynecology, 
University of Oklahoma Tulsa Medical College, a 
clinical branch of the University of Oklahoma 
Health Sciences Center College of Medicine is 
seeking a fourth Board eligible/certified Maternal- 
Fetal Medicine section member at the level of 
Assistant/Associate Professor. The position will in- 
clude teaching medical students, Ob/Gyn resi- 
dents and Maternal Fetal Medicine Fellows along 
with opportunities for research and private practice. 
The compensation package includes a competi- 


tive, guaranteed salary and a liberal benefit pack- 
age including malpractice insurance. Qualified, in- 
terested individuals should send their CV to: 


Larry D’Angelo, M.D. 
Chief Maternal-Fetal Medicine 
and Chair Search Committee 
6161 S. Yale, #3228 
Tulsa, Oklahoma 74136 
Closing date for applications is December 31, 1986. 
The University of Oklahoma is an equal opportunity 
employer. 
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Triplet pregnancy after low-dose pulsatile gonadotropin-releasing 
hormone in polycystic ovarian disease 

Marco Filicori, M.D., Laura Michelacci, M.D., Paola Ferrari, B.Sc., 

Elisabetta Campaniello, M.D., Anna Pareschi, M.D., and Carlo Flamigni, M.D. 
Bologna, Italy 


Flow cytometric deoxyribonucleic acid index: A prognostic factor in 
endometrial carcinoma 
Ole E. Iversen, M.D. 


Bergen, Norway 


Office diagnosis of asymptomatic bacteriuria in pregnant women 
J. Peter Van Dorsten, M.D., and Edward R. Bannister, Ph.D. 
Charleston, South Carolina 


Diagnostic related groups and the obstetrician: Antepartum admission 
David Acker, M.D., Joan Sapir, Ed.M., M.B.A., Benjamin P. Sachs, M.B., B.S., D.P.H., and 
Emanuel A. Friedman, M.D., Sc.D. 

Boston, Massachusetts 


Human genital papilloma infections: An evaluation of immunologic 
competence in the genital neoplasia-papilloma syndrome 

Linda F. Carson, M.D., Leo B. Twiggs, M.D., Michio Fukushima, Ph.D., 

Ronald S. Ostrow, Ph.D., Anthony J. Faras, Ph.D., and Takashi Okagaki, M.D., Ph.D. 
Minneapolis, Minnesota 


A macrophage defect in women with recurrent Candida vaginitis and its 
reversal in vitro by prostaglandin inhibitors 


Steven S. Witkin, Ph.D., Judith Hirsch, B.N., and William J. Ledger, M.D. 
New York, New York 


Parity and use-effectiveness with the contraceptive sponge 
Susan L. McIntyre, M.P.H., and James E. Higgins, Ph.D. 
Research Triangle Park, North Carolina 


Oral contraceptives and insulin receptor binding in normal women and 
those with previous gestational diabetes 
Sven O. Skouby, M.D., Ole Andersen, M.D., and Claus Kühl, M.D. 


Copenhagen and Klampenborg, Denmark 


Value of the cough pressure profile in the evaluation of patients with 
stress incontinence 


David A. Richardson, M.D. 
Detroit, Michigan 
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Nonimmune hydrops fetalis: Clinical experience and factors related to a 812 
poor outcome 
Ramon A. Castillo, M.D., Lawrence D. Devoe, M.D., Hamid A. Hadi, M.D., 
Sara Martin, R.D.M.S., and Dorothy Geist, R.D.M.S. 
Augusta, Georgia 


in utero treatment of a fetus with diaphragmatic hernia complicated by 817 
hydrops 

Beryl R. Benacerraf, M.D., and Fredric D. Frigoletto, Jr., M.D. 

Boston, Massachusetts 


Prevention of fetal movement during invasive procedures with 818 
pancuronium bromide 
John W. Seeds, M.D., Barry C. Corke, M.B., Ch.B., and Fred J. Spielman, M.D. 


Chapel Hill, North Carolina 


Clinical and economic considerations associated with testing for fetal 820 
lung maturity 

William N. P. Herbert, M.D., and John F. Chapman, Dr.P.H. 
Chapel Hill, North Carolina 


The primary treatment of luteal phase inadequacy: Progesterone versus 824 
clomiphene citrate 
Ko-En Huang, M.D. 
Rochester, New York 








The preterm cervix and preterm labor: Relative risks, predictive values, 
and change over time 


Thomas M. Stubbs, M.D., J. Peter Van Dorsten, M.D., and M. Clinton Miller IIT, Ph.D. 
Charleston, South Carolina 


The use of a rapid in situ technique for third-trimester diagnosis of 835 
trisomy 18 

Burton L. Rochelson, M.D., Carolyn Trunca, Ph.D., Alan G. Monheit, M.D., and 

David A. Baker, M.D. 

Stony Brook, New York 
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RESPIRATORY CONTROL 
AND LUNG DEVELOPMENT 
IN THE FETUS AND NEWBORN 
B.M. Johnston & P.D. Gluckman, Eds. 


Recaro colon efforts have blended together The Royal College 


over the last few years to enhance our knowledge of the 
physiology and pathophysiology of respiration and lung Care 
development in the fetus and newborn. The contributors of Obstetricians and 
to this volume have made fundamental contributions to e 
our knowledge of the biochemistry, endocrinology and Gynaecologists 
physiology of fetal lung development 
Modern diagnostic and therapeutic regimes are firmly G 
based on animal studies and carefully controlled clinical Study roups 
trials relating to surfactant production, lung development 
and the development of the sensory and neural elements 


that control fetal and neonatal breathing 428 pages 
1986 $50 


INTRAUTERINE GROWTH 
P.W. Nathanielsz, Ed. 14 Contributors. PRETERM LABOUR 


This fourth volume in the series, Animal Models in Fetal AND ITS CONSEQUENCES 


Medicine considers problems that are of fundamental : 
importance in obstetrics and pediatrics. The book details R.W. Beard & F. Sharp, Eds. 26 Contributors. 
Speakers from the major research and clinical centers 


and critically assesses investigation of regulation of fetal 
growth. It deals with the function of the fetal kidney and tProughout the world joined together to consider the 
many factors such as incidence and distribution, 


liver, and the measurement of blood and other body fluid t | d t that mak 
olumes. Other contributions deal with placental transfer. buat ae comp DEREN pins sy tha ms e up 
bstrate metabolism and fetal Surgery in conditions of the complex condition of Preterm Labor Epidemiology, 


wth retardation. 216 pages. 1985. $45 perinatal physiology and pathology are discussed in 










depth and a better understanding of the condition 
TURITION emerges Fetal and neonatal pulmonary and brain 
function are discussed. The roles of psychological 
P.W. Nathanielsz, Ed. 18 Contributors. stress, infection and fetal abnormality and other causa- 
Parturition involves several physiological and biochemi- _ tive factors are considered as well as the most up-to- 
cal ‘systems. This volume considers the peptides of the date methods of management. 403 pages. 1985. $55 


hypothalamus and pituitary that are responsible for regu- 


“lation of the fetal adrenal. Human, nonhuman primate. IN VITRO FERTILIZATION 
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imal techniques are described and evaluated W. Thompson, D.N. Joyce & J.R. Newton, Eds. 
att methods of studying fetal metabolism with 29 Contributors. 
nuclear Magnetic resonance spectroscopy are described This volume contains contributions from clinicians such 
in detail ether, the chapters describe how ideas on as Drs. Edwards. Steptoe and Jones who have pio- 


maternal art fetal function durina normal and abnormal neered many of the procedures described In addition. 

labor have been tormulated 320 pages 1986 $50 the basic sciences underlying the practice of in vitro 
fertilization are discussed in detail. The experiences in 
different countries throughout the world and the legal 


FETAL PHYSIOLOGY aspects are also considered in depth. Various chapters 
cover egg collection, embryo culture methods, semen 

AND MEDICINE evaluation and pregnancy outcome 346 pages. 1985 

R.W. Beard & P.W. Nathanielsz, Eds. $55 

43 Contributors. 


The second edition of this outstanding text covers all LITIGATION AND 
the important areas of fetal development. Contributors 
include Drs. J.C. Hobbins, J.D. Wilson, RDG Milner, A OBSTETRICS AND GYNAECOLOGY 


_ Jobe, P.D. Gluckman, GC. Liggins. F.C. Battaglia and G.V.P. Chamberlain, Ed. 23 Contributors. 

_ Many other international leaders in perinatology. This The medico-legal aspects of obstetrics and gynecology 

_ book is essential reading for the obstetrician or neonatol- area common cause for interest and concern for the 
ogist who wishes to keep up-to-date practitioner and the legal profession. Rapid and complex 

The first edition of this book was described as ". out- changes have taken place in the field of malpractice in 

standingly successful. there can be few clearer or more recent years. In this volume, the major areas of obstet- 
comprehensive accounts of the physiological basis of rics and gynecology. such as anesthesia, abortion, 
modern obstetrics”. British Medical Journal. contraception, sterilization, fetal hypoxia, operative deli- 
823 pages 1984 $70 veries and home delivery are discussed. This volume is 


Perinatology Press Please send me: 


P.O. Box 6827 Dept. MO 


Perinatology Press 


essential reading for all practitioners in the field. The time 
and money invested in reading this book could well 
avoid malpractice problems. 350 pages. 1985. $55 


GYNAECOLOGICAL 
LASER SURGERY 


F. Sharp & J.A. Jordan, Eds. 30 Contributors. 
For this Study Group the Royal College assembled the 
world’s leading gynecological laser surgeons, laser 
physicists and other specialists in the field Areas 
covered include basic laser physics, laser delivery 
systems and safety; and laser treatment of lower genital 
tract, intra-abdominal and endoscopic applications in 
gynecology. Training of gynecologists in laser 
techniques is discussed and guidelines outlined. This 
volume will be of value to gynecologists already 
engaged in laser surgery, those contemplating these 
techniques, and importantly, gynecologists wishing to 
learn what laser surgery can offer their patients 

322 pages 1986 $55 


EARLY PREGNANCY FACTORS 
F. Ellendorff & E. Koch, Eds. 29 Contributors. 


This volume is a comprehensive review of current 
knowledge on the major problems of early pregnancy. It 
discusses the physiological role of steroids, prosta- 
glandins and proteins in maternal recognition of preg- 
nancy. Consideration is given to the interaction of 
embryo and mother at the endocrine. immunological and 
cardiovascular levels. This volume is essential reading 
for scientists and clinicians involved with in vitro 
fertilization, embryo transfer and all other aspects of the 
physiology and pathophysiology of early pregnancy. 272 
pages. 1985 $35 


PERINATAL ENDOCRINOLOGY 
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A comprehensive review of fetal, neonatal and placental 
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Rose, D.A. Fisher, C. Rosenfeld, C. Cheung. M. Seron- 
Ferre, J.D. Winter, E. Simpson, A. Klopper., E. Albrecht. G 
Pepe, J.RG. Challis. P.W. Nathanielsz, M. Soloff. and 
others who have made fundamental contributions to the 
rapidly expanding body of knowledge in this area 
315 pages. 1985. $40 


FETAL NEURO- 
ENDOCRINOLOGY 


F. Ellendorff, P.D. Gluckman & N. Parvizi, Eds. 
33 Contributors. 

This was the first international meeting devoted to this 
developing field of perinatal research and this volume is 
a comprehensive compilation of reviews and papers by 
key workers studying the development of the neuro- 
endocrine system. Topics covered include: neurogenesis 
in the mammalian brain, the role of the neuropeptides and 
neurohormones in neural development, the ontogenesis 
of neurotransmitter systems, fetal hypothalamic trans- 
plantation, fetal hypothalamic cultures. and many other 
important areas in relation to the significant neuro- 
endocrine axes. 285 pages. 1985. $35 
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The Copeland Fetal Scalp 
Electrode is safe and 
minimizes fetal scaip trauma. 


Specially designed electrode 
housing is cast with serrated 
finger depression. 


oe SECU 


The ® 
Surgicraft 
opeland | 
FETAL SCALP ELECTRODE 


For greater safety and ease of application 
during birthing. 









Specifically designed to instantly and continuously 

Sturdy wire stem is monitor fetal distress. its exclusive design cannot be 

“exible to facilitate overscrewed, depth penetration is completely controlled, 
and trauma to the fetal scalp is reduced to a minimum. 


+ Expedient removal of the needle in the event the 
patient must be quickly moved from the labor room 


hie : into OR theatre. 
maximizes control. ° Automatic control of the depth of needle penetration 
and safety. which remains guarded during insertion or removal. 
e Protection against needle unscrewing or falling off. \ 
j 


¢ Available in disposable and re-usable models. 





sweeten 
RR 


Patent Nos. 1.316.072. 1.523.263. 4151835 U.S., and others pending. 


TISSI 





accurate surgical & scientific instruments corporation . 


300 SHAMES DRIVE, WESTBURY, NY 11590, PHONE (516) 333-2570 e WEST COAST SALES: SAN DIEGO, CA (619) 235-9400 
TO ORDER CALL TOLL FREE: 
ie 1-800-645-3569 1-800-ALL-WEST 
(Except N.Y. State call 516-333-2570) (CALIFORNIA, PACIFIC and MOUNTAIN TIME STATES) 


Manufactured by A.W. Showell (Surgicraft® ) Ltd., and distributed exclusively in the U.S.A. by ASSI® - Accurate Surgical & Scientific Instruments Corp. 
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į 300 Shames Drive, Westbury, N.Y. 11590 INSTITUTION se ree re E 
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a Surgicraft Copeland Fetal Scalp à 
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set the best 
features of these 


pistol-erip 


skin 


staplers... 


just get this one. 


The new 
Weck 360LX’ stapler. 





The high-visibility pistol-grip stapler that 
gives you precise placement control. 


Some pistol-grip skin staplers give you visibility 
without exact control of staple placement. Others 
give you control, but are “rough” or hard to pull. Still 
others hide the staple from view during 
implantation. 

But now there's the Weck 360LX® stapler. The 
new pistol-grip stapler designed to overcome the 
disadvantages of all the others and give you the 
features you want most: placement control, 
excellent visibility and reliable 


performance. 
Try it. You'll see and feel the difference. (mi), 


For details, talk to your Weck 

Representative, or call (800) 334-8511. WECK 
A member of the WECKSTAT™ family of closure products. 

© 1986, Edward Weck & Co., Inc., P.O. Box 12600 Research Triangle Park, NC 27709 
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The simplest way to - 


There are still many who perform a CBC or 
hematocrit as soon as anemia is suspected, even 
though it is in fact the Hb value that defines 
anemia. 
There is a simpler way. 
Determine the Hb level directly. Ifit lies 
below the reference standard, it 1s reasonable to 
suspect anemia. A detailed patient history will 
then disclose whether it is caused by a deficiency 
in iron or loss of blood. 
But... ? 
The Hb level varies from person to person. 
It thus makes sense to monitor each individual 
patient’s Hb level routinely to identify early signs 
of anemia. 
For this you would require a test procedure 
that could be performed in-office with minimal 
risk of functional and human error. 
This is where the HemoCue Hb test comes 





in. 

The HemoCue system is designed to 
eliminate possible sources of error. It is so simple 
to handle that anyone can perform accurate Hb 
determinations in 60 seconds or less. 

Going the long way around through CBC, 
or via hematocrit, you can get there quicker and 
safer with HemoCue. And have the test result 
before the patient leaves your office! 


` For more information on this new, economical 


test, call 800-323-1674 (CA 714-859-7779). 


Sales and service outside the U.S.: 

Denmark: Ercopharm A/S. Tel. (02) 8908 89. Finland: Oy Tamro Ab. Tel. 90-544 011. Norway: A/S Saba Medical. Tel. (02) 6447 30. Iceland: G Olafsson h/f. Tel. 01-841 66. 
Greece: Pharmaserve SACI. Tel. 01-6726 380. Ireland: Accu-Science (Ireland) Ltd. Tel. 045-603 91. Italy: Labanalyšis srl. Tel. (06) 45 03 918. The Netherlands: 

UCB Farma Nederland BV. Tel. 076-87 92 22. Switzerland: Baumann-Medical. Tel. 01-932 30 92. France: TLM Laboratoire SARL. Tel. (1) 39 65 69 09. 

Great Britain: Clandon Scientific Ltd. Tel. (0252) 5147 11/5. Australia & New Zealand: Medipac Pty Ltd. Tel. 043-28 20 26. Pakistan: S. Ejazuddin & Co. 

Tel. (Karachi) 22 44 20. Singapore: Transmedic Pte Ltd. Tel. 274 66 33. Malaysia: Translab (M) Sdn Bhd. Tel. 03-78 10 44. Indonesia: Berca Indonesia Pt. Tel. 021-34 38 86. 
Hongkong & Macao: Science International. Tel. 05-43 74 42. Taiwan: Transmedic Co Ltd. Tel. 02-981 5343. South Korea: Poong Nam Corp. ‘Tel. (02) 557-0947. 
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diagnose anemia. 


The Hemocue procedure. 
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The HemoCue microcuvette draws an exact 


Jeane 
N s 
` 


Insert the microcuvette into the HemoCue Result displayed automatically within 
e photometer. o 15-45 seconds. 





HemoCue’ 


Developed and manufactured by Leo Diagnostics AB, S-251 09 Helsingborg, Sweden. 


Marketing and technical service in the USA exclusively through 
Medical Equipment Designs, Inc. 23521 Ridge Route Dr. Suite A, Laguna Hills, CA 92653. 
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TRELEVLEN 


Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


e080 O)\ A DON) OBI rate) (CLO 
WITH THE CONFIDENCE 
THAT COMES FROM EXPERIENCE 


*Serious as well as minor side effects have been reported following the use of all oral contraceptives. These include thromboembolic disease, The physician 
should remain alert to the earliest manifestations of any symptom of scrious disease and discontinue oral contraceptive therapy when appropriate. These data 
represent only the results of selected studies. Therefore, before prescribing, the physician should read and remain alert to all data found in the complete 
prescribing information for the product. Please also see brief summary of prescribing information on the last page of advertisement. 





A formulation witn the 
fose in a come 


hormonz 


Phased doses of both 
levonorgestrel and 

ethinyl estradiol 

Permits a decrease in total steroid dose 
without compromising effectiveness. 


Low incidence of 

breakthrough bleeding 

A low 5.7% overall incidence of break- 
through bleeding based on 77 U.S. and 
U.K. studies involving 3,546 women 
(35,036 total cvcles).' 


Simple first dose/first day start 
The first dose is taken on the first 
day of menstruation. No need to 
count days or wait for Sunday starts. 


A formulation with 
the confidence of 

170 million cycles of 
experience worldwide 


TRILEVLEN"28 TRI:LEVLEN"21 


AN Y- E: Dedica 
Ey BERLEX Pc 


OWeEst tota 
ation OC 


Minimal impact on the 
following metabolic and 
hemodynamic parameters* 
Lipids} *carbohydrate metabolism *and 
blood pressure’ were not significantly 
affected in certain specific studies. 


Available in 

28-day and 

21-day Slidecas¢ 
dispense” 
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TRILEVLEN 28 
TRIELEVLEN 21 


Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


BRIEF SUMMARY 
Tri-Levien™ —6 brown tablets, each containing 0.050 mg of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17a-pregna-1,3,5(10)-tren-20-yne-3, 17- 

iol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 

containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 

the 28-day triphasic — 

Indications and Usage— Iri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 

(OCs) as a method of contraception. 

Contrai i OCs should not be used in women with any of the following conditions: 1. Thrombophiebitis or thromboembolic 

disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 

disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 

abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8. Benign or malignant liver tumor which 

developed during the use of OCs or other estrogen-containing products. 






Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk increases with age and 

with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women who use oral 
ives should be strongly advised not to smoke. 

The use of oral contraceptives is associated with increased risk of several serious conditions, including thromboembolism, 

stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 

traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—in a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
rdial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other precisposing conditions mentioned 
Lo in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
ists, but perhaps to a lesser extent. 
RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
ing has been confirmed in the United States. 
MATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
ality rae pes 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age, 
smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 
20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49—140/100,000), the risk being concentrated in 
women, in those with a long duration of use and in cigarette smokers. It was not possible, however, to examine the 
interrelationships of age, smoking and duration of use, nor to compare the effects of continuous vs. intermittent use. Although the 
showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of these deaths occurred in women 
or older. Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to assess 
magnitude of the relative risk for this younger age group. The available data from a variety of sources have been analyzed to 
ate the risk of death associated with various methods of contraception. The estimates of risk of death for each method include 
the mbined risk of the contraceptive method (e.g., thromboembolic and thrombotic disease in the case of OCs) plus the risk 
ributable to pregnancy or abortion in the event of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by garly abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular 
insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). Should any of these occur or be suspected, the drug 
should be discontinued immediately. A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported 
in oral contraceptive users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an 
increased risk of thromboembolism or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
ists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require confirmation since they 
are inconsistent with other published information. 
2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the use 
of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis or 
diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 
3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies have 
reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal 
women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for adenocarcinoma of the 
endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in women who had used a 
sequential OC. These products are no longer marketed. No evidence has been reported suggesting an increased risk of endometrial 
cancer in users of conventional combination or progestogen-only OCs. Several studies have found no increase in breast cancer in 
women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast cancer in women treated with 
OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A reduced occurrence of benign breast 
tumors in users of OCs has been well-documented. In summary, there is at present no confirmed evidence from human studies of an 
increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs is, nevertheless, essential. In all 
cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be taken to rule out 
Women with a strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
should be monitored with particular care if they elect to use OCs. 
S: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
igh hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
ay rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
of OCs. Iwo studies relate risk with duration of use of OCs, the risk being much greater after 4 or more years of 
ma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
is not known at this time. 
regnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
tational agents—during early pregnancy may seriously damage the offspring. It has been 
jethylstilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
ke ordinarily extremely rare. This risk has been estimated to be of the order of | in 1,000 
ce at the present time that OCs further enhance the risk of developing this type of 
with particular care if they elect to use OCs. Furthermore, a high percentage of such 
to have epithelial changes of the vagina and cervix. Although these changes are 
ndition is a precursor of vaginal malignancy. Male children so exposed may 
similar data are not available with the use of other estrogens, it cannot be 
increased risk of congenital anomalies, including heart defects and limb 
ing OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
exposures were very short and involved only a few days of treatment. 
tuses is somewhat less than one in 1,000 live births. In the past, 
to treat threatened or habitual abortion. There is considerable 
is no evidence from well-controlled studies that progestogens 
[bly other types of polyploidy are increased among abortuses 
anomalies are virtually always aborted spontaneously. 
nceived soon after stopping OCs is unknown. It is 
ncy should be ruled out before continuing. If the 
Id be considered at the time of the first missed 








































period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light of 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precise 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. In 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, an 
increased risk was apparent between 6 and 12 months of use. 

1. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage of 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase in 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with the 
Tri-Levien Tablets (Levonorgestrel and Ethiny! Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipid 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of these 
findings remains to be defined 
8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertension 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in users 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure, 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated with 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to normal 
after discontinuing the drug. 

9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent or 
severe, requires discontinuation of OCs and evaluation of the cause. 

10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. In 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out 
pregnancy or malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary. 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea or 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation of 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods. 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding: OCs given in the postpartum period may interfere with lactation. There may be a decrease in the quantity and 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones may be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The 
clinical significance of this is yet to be determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnant woman 
is predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing gestation. it is 
possible that if a woman becomes pregnant shortly after stopping OCs, she may have a greater chance of developing folate deficiency 
and complications attributed to this deficiency. 9. The pathologist should be advised of OC therapy when relevant specimens are 
submitted. 10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OCs: a. 
Increased sulfobromophthalein retention. b. Increased prothrombin and factors VII, Vill, IX and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulating total- 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 
Information for the Patient—See Patient Package Labeling 
Drug Interactions— Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 
Pregnancy—Pregnancy Category X. See “Contraindications’ and “Warnings.” 
Nursing See “Warnings.” 
Adverse Reactions—aAn increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings” ): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
wap disease, benign hepatomas, congenital anomalies. 

here is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related. Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps and bloating); breakthrough bleeding; spotting: change in menstrual flow; dysmenorrhea; amenorrhea during and after 
treatrhent; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted.: 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome. 
Acute Overdose— Serious ill effects have not been reported ‘ollowing acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 

e and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 

For full details on dosage and administration see prescribing information and package insert. 


References: 1. Data submitted to FDA. 2. Skouby SO. Kuh! C. Malsted-Pedersen L 
et al: Am J Obstet Gynecol 1985:153:495-500. 3. Vermeulen A, Thiery M: Contraception 
1982:26 505-513 
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Individually Sterile Wrapped. 


Manufactured by GO Medical Ind. Ltd. 






Postpaid. 


USE: Apply over index or middle finger 
with hook facing the palm of the hand 
(with or without glove). 


LESS PAIN: One finger only and no other 
instrument is mserted through the cervix. 


LESS ANXIETY: The use of other instruments 


can cause significant anxiety to patients. 


EXACT LOCATION OF THE HOOK: It is pos- 
sible to feel exactly where the hook is applied. 


AN ASSISTANT IS NOT REQUIRED: With the new 
technique the operator can stabilize the pre- 


senting part with his other hand. 


LITHOTOMY IS NOT NECESSARY: As the finger 
is a flexible mstrument lithotomy is not nec- 


essary even when the cervix is posterior. 


Imported and distributed by: 
SAMCO Industries, Inc. 
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Send boxes of Amnicot at $65.00/box of 
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regarded as prior or duplicate publication of the same or 
similar work. Copies of such material should be included 
with the submitted manuscript. Articles previously pub- 
lished in another language will not be considered. 

It is assumed by the Editors that articles emanating 
from a particular institution are submitted with the 
approval of the requisite authority. Articles dealing with 
human experimentation that require local institutional 
approval must have this approval prior to submission of the 
article for publication and it should be so indicated in the 
Methods section. Reports of experiments on animals must 
indicate which guidelines for the care and use of the 
animals were followed. 
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Editor(s) and Publisher disclaim any responsibility or 
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Publisher guarantees, warrants, or endorses any product or 
service advertised in this publication, nor do they guaran- 
tee any claim made by the manufacturer of such product or 
service. 
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script and three glossy prints of illustrations are 
required. 

Manuscripts must be typed double spaced on one side 
only on 22 by 28 cm (8 1/2 by 11 inch) white bond paper 
with 1 inch margins at top, bottom, and sides. Number 
pages consecutively in the upper right-hand corner in the 
following order: title page, abstract, body of text, refer- 
ences, legends, and tables. 

Title page. The title page should contain in sequence the 
title (concise and suitable for indexing purposes); author 
line with first name, middle initial, and last name of all 
authors and their highest academic degree (both M.D. and 
Ph.D. are acceptable); city(ies), state(s) in which the study 
was conducted; divisional, or departmental, and institu- 
tional affiliations at the time the study was performed; 
acknowledgement of source(s) of support; presented line, if 
applicable; disclaimers, if any; name and address of author 
to whom requests for reprints should be addressed (if 
reprints will not be available, it should be so stated); and 
name and address of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
‘exceeding 52 characters (including word spaces). 

Abstract page and key words/phrases. On manuscript 
page two is the abstract, also typed double spaced with the 
required margins and headed by the title of the article and 
author(s) name(s). Abstracts for regular articles, Current 
Investigation, Clinical Opinion, and Current Development 
nray not exceed 150 words. Abstracts for case reports and 
brief communications may not exceed 50 words. Below the 
abstract list 3 to 5 key words or short phrases for indexing 
purposes. 

Text. Do not hesitate to write your manuscript in the 
first-person, active voice if it is more appropriate to the 
information you wish to convey. The passive voice is 
generally more effective for describing techniques or 
observations since the emphasis is on the “action” rather 
than the person performing the action. 

Only standard abbreviations are to be used. Consult the 
Council of Biology Editors Style Manual or the AMA’s 
Manual for Authors and Editors. Abbreviations in the 
title are not acceptable. They should be avoided, if possi- 
ble, in the abstract. In the text they should be kept to a 
practical minimum. The full term for which an abbrevia- 
tion stands should precede its first use in the text unless it is 
a standard unit of measurement. 

Either the generic, chemical, or proprietary names of 
drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the 
name of the manufacturer and city and state. 

Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 


30A 


rationale for the study and cite only the most pertinent 
references as background. | 

In the Material and Methods section describe briefly 
(but in sufficient detail to permit other workers to evaluate 
and reproduce the results) the plan, patients and/or 
experimental animals and controls, methods and proce- 
dures utilized, and statistical method(s) employed. 

In the Results section present the detailed findings. 
Include mentions of all tables and/or figures. Avoid 
duplication of text and supporting material. Emphasize 
only your important observations; do not compare your 
observations to those of others. Such comparisons and 
comments are reserved for the Comment section. 

In the Comment section state the importance and 
significance of your findings but do not repeat the details 
given in the Results section. Limit your opinions to those 
strictly indicated by the facts in your report. Compare your 
findings with those of others. No new data should be 
presented in this section. 

Acknowledgements. Acknowledge only persons who 
have made substantive contributions to the study. 

References. Limit of 16 references, except for case 
reports and brief communications, limited to 2, and Cur- 
rent Development, for which there is no limit. Number 
references consecutively in the order in which they are 
mentioned in the text. Use the format of the “Uniform 
Requirements for Manuscripts Submitted to Biomedical 
Journals.” Journal titles should conform to abbreviations 
used in Cumulated Index Medicus. 

Illustrations and tables. A reasonable number of half- 
tone and line illustrations will be reproduced without 
charge, but special arrangements must be made with the 
Editors for color reproduction. For color photographs, 
submit original transparencies and two sets of unmounted 
prints on glossy paper with good color balance. For black 
and white illustrations, submit three sets of 3 by 4 inch 
(minimum) to 5 by 7 inch (maximum) unmounted glossy 
photographic prints. Figures must be cited consecutively in 
the text in Arabic numerals and identified thusly on the 
back of the print (gummed label with author(s) name(s), 
title of article, number, and top marked clearly). Do not 
use paper clips. Legends must accompany all figures; type 
double spaced on a single sheet of paper if possible and 
number with manuscript in sequence after the references. 
Titles should be included in the legend, not on the print. 

All lettering must be done with commercially available 
paste-on letters (or numbers) or by a professional; typed or 
freehand lettering is not acceptable. All lettering must be 
in proportion to the drawing, graph, or photograph. Origi- 
nal drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted as 
glossy photographic prints with good black and white 
contrast. Consistency in size within the article is strongly 
preferred. Any special instructions regarding sizing should 
be clearly noted. Illustrations will be returned only on the 
author’s request. 

Tables should be typed on separate sheets of paper and 
included at the end of the text, one to a page. They should 
be numbered in Roman numerals. Each table must be cited» 


Estimating length of manuscript 


The length of text material (introduction through Comment section) in regular manuscripts 
accepted for publication normally ranges from 750 to 4200 words (an average of 2000 words). 
A 4200 word text can seldom be accepted, especially if tables and figures are included. The 
average manuscript of 2000 words of text with abstract, 3 tables with captions, 2 figures with 


legends, and references makes a 5.7 page article in the JOURNAL. The 2000 words of text alone 
make approximately 8 pages of manuscript typed double spaced with the required | inch 
margins (approximately 250 words per page). A table or figure that occupies both columns of 
half a JOURNAL page is equivalent to approximately 500 typed words in manuscript. Thus if a 
greater number of illustrations and tables are used, the length of the text should be adjusted 
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in sequence at an appropriate point in the text. Captions 
should be brief yet indicate clearly the purpose or content 
of each table and each column precisely defined by 
headings. Abbreviations and special designations should be 
explained in a footnote to the table. Special arrangements 
must be made with the Editors for elaborate tables because 
of space limitations. 

Illustrations and tables should supplement, not dupli- 
cate, the text; presentation in either one or the other will 
suffice. 

Permissions and photographic consent. Previously pub- 
lished tables and figures must be correctly referenced and 
written permission from the copyright holder included with 
the manuscript. Photographs of identifiable persons must 
be accompanied by signed releases or else all recognizable 
features masked. 


Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words /phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for a regu- 
lar article. 

Clinical Opinion. Limit of 3000 words, 16 references. 
Include abstract of 50 to 150 words, 3 to 5 key words / 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. As space for 
letters is limited, only a selection of letters submitted may 
be published. (2) A brief case presentation or a short report 
of a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
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should be typed double spaced. Letters should be sent to 
Dr. Zuspan. 
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nouncements carry a charge of $60.00 U.S. and the fee 
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obtain further information. Send announcements and pay- 
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Company, 11830 Westline Industrial Drive, St. Louis, 
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They should be sent to Dr. Gerbie. No books will be 
returned. 

Reprints. Reprints of articles must be obtained from tht 
author. The corresponding author will receive a price 
schedule and order form at the time of publication. 
Reprints in quantities must be ordered from the Publisher 
with the author’s consent. 
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ESTRACE is 178-estradiol—just like the 
estrogen she made before menopause. 
Like the natural hormone, it follows a 
simple, well-known metabolic pathway, 
and it provides unsurpassed relief of 
postmenopausal vasomotor symptoms. 

Micronized for good oral absorp- 
tion, ESTRACE produces prompt, pre- 
dictable serum levels of estradiol and 
estrone. Between cycles, ES TRACE is 
rapidly eliminated, providing estrogen 
replacement therapy that closely follows 
the premenopausal pattern. . for true 
cyclic therapy: 

Now its in the ES TRACE Cycle pak! 
an easy-to-carry compact, designed to +< 
deliver a starting dose of 2 mg in the , 
preferred 25-day regimen. Cycle Paks ^e 
delivering 1 mg daily are also available 


if needed. 
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ESTRACE estradiol) 


TABLETS, 1 mg and 2 mg 


VAGINAL CREAM, 0.01% 


Fin Warning 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. Three indepencent case 
control studies have shown an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for 
prolonged periods. This risk was independent of the other known risk 
factors for endometrial cancer. These studies are further supported 
by the finding that incidence rates of endometrial cancer have 
increased sharply since 1969 in eight different areas of the United 
States with population-based cancer reporting systems, an increase 
which may be related to the rapidly expanding use of estrogens 
during the last decade. The three case control studies reported that 
the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
times greater than in nonusers. The risk appears to depend on both 
duration of treatment and on estrogen dose. In view of these findings, 
when estrogens are used for the treatment of menopausal symptoms, 
the lowest dose that will control symptoms should be utilized and 
medication should be discontinued as soon as possible. When 
prolonged treatment is medically indicated, the patient should be 
reassessed on at least a semiannual basis to determine the need for 
continued therapy. Although the evidence must be considered prelimi- 
nary, one study suggests that cyclic administration of low doses of 
estrogen may carry less risk than continuous administration; it there- 
fore appears prudent to utilize such a regimen. Close clinical surveil- 
lance of all women taking estrogens is important. In all cases of 
undiagnosed persistent or recurring abnormal vaginal bleeding, 
adequate diagnostic measures should be undertaken to rule out 
malignancy. There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at equiestro- 
genic doses. i 
2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
The use of female sex hormones, both estrogens and progestogens, 
during early pregnancy may seriously damage the offspring. It has 
been-shown that females exposed in utero to diethylstilbestrol, a non- 
steroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. 
*This risk has been estimated as not greater than 4 per 1000 expo- 
sures. Furthermore, a high percentage of such exposed women (from 
30 to 90 percent) have been found to have vaginal adenosis, epithe- 
lial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether they are precursors of 
malignancy. Although similar data are not available with the use of 
other éstrogens, it cannot be presumed they would not induce similar 
changes. Several reports suggest an association between intrauter- 
ine exposure to female sex hormones and congenital anomalies, 
including congenital heart defects and limb reduction defects. One 
case control study estimated a 4.7-fold increased risk of limb reduc- 
tion defects in infants exposed in utero to sex hormones (oral contra- 
ceptives, hormone withdrawal tests for pregnancy, or attempted 
treatment for threatened abortion). Some of these exposures were 
very short and involved only a few days of treatment. The data 
suggest that the risk of limb reduction defects in exposed fetuses is 
somewhat less than 1 per 1000. In the past, female sex hormones 
have been used during pregnancy in an attempt to treat threatened or 
habitual abortion. There is considerable evidence that estrogens are 
ineffective for these indications, and there is no evidence from well 
controlled studies that progestogens are effective for these uses. If 
ESTRACE® (estradiol) is used during pregnancy, or if the patient 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus and the advisability of pregnancy 
continuation. 





































































Indications: Tablets: Moderate to severe vasomotor symptoms associ- 
ated with the menopause (There is no evidence that estrogens are effec- 
tive for nervous symptoms or depression which might occur during 
menopause, and they should not be used to treat these conditions.); 
atrophic vaginitis; kraurosis vulvae; female hypogonadism; female 
castration; primary ovarian failure; breast cancer (for palliation only) in 
appropriately selected women and men with metastatic disease: prostatic 
carcinoma—palliative therapy of advanced disease. Vaginal Cream: 
Atrophic vaginitis and kraurosis vulvae. ESTRACE® HAS NOT BEEN 
SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREG- 
NANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS 
(SEE BOXED WARNING). 

Contraindications: Known or suspected cancer of the breast, except in 
appropriately selected patients being treated for metastatic disease; 
known or suspected estrogen-dependent neoplasia; known or suspected 
pregnancy (See Boxed Warning); undiagnosed abnormal genital bleed- 
ing; active thrombophlebitis or thromboembolic disorders; a past history 
of thrombophlebitis, thrombosis or thromboembolic disorders associated 
with previous estrogen use (except when used In treatment of breast or 
prostatic malignancy). 

Warnings: Estrogens increase the risk of carcinoma of the endometrium 
(See Boxed Warning). Prescribe cautiously in women with a strong family 
history of breast cancer or with breast nodules, fibrocystic disease, or 
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abnormal mammograms. A 2- to 3-fold increase in the risk of surgically 
confirmed gallbladder disease has been reported in women receiving 
postmenopausal estrogens. There is an increased risk of thrombosis in 
men receiving estrogens for prostatic cancer and women for postpartum 
breast engorgement. If feasible, estrogen should be discontinued at least 
4 weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization. Estro- 
gens should not be used in persons with active thrombophlebitis or 
thromboembolic disorders or (except in treatment of malignancy) with a 
history of such disorders in association with estrogen use; they should be 
used with caution in patients with cerebral vascular or coronary artery 
disease and only for those in whom estrogens are clearly needed. Large 
doses (5 mg conjugated estrogens per day), comparable to those used to 
treat cancer of the prostate and breast, have been shown to increase the 
risk of nonfatal myocardial infarction, pulmonary embolism, and thrombo- 
phlebitis; when estrogen doses of this size are used, any of the thrombo- 
embolic and thrombotic adverse effects associated with oral 
contraceptives should be considered a clear risk. Hepatic adenomas 
should be considered in estrogen users having abdominal pain and 
tenderness, abdominal mass, or hypovolemic shock. Increased blood 
pressure occurs with use of estrogens in the menopause, and blood pres- 
sure should be monitored, especially with high doses. Diabetic patients 
should be carefully observed for decreased glucose tolerance. Estrogens 
may lead to severe hypercalcemia in patients with breast cancer and 
bone metastases: if this occurs, the drug should be stopped and appro- 
priate measures taken to reduce the serum calcium level. 

Precautions: Genera/—A complete medical and family history should be 
taken prior to initiation of therapy. Pretreatment and periodic physical 
examinations should include special reference to blood pressure, 
breasts, abdomen, and pelvic organs, and should include a Papanicolaou 
smear. As a general rule, estrogen should not be prescribed for longer 
than one year without another physical examination. Conditions influ- 
enced by fluid retention, such as epilepsy, migraine, and cardiac or renal 
dysfunction, require careful observation. Undesirable manifestations of 
excessive estrogenic stimulation, such as abnormal or excessive uterine 
bleeding, mastodynia, etc, may develop. Patients with a history of 
depression should be carefully observed. Pre-existing uterine leiomyo- 
mata may increase in size during estrogen use. Pathologists should be 
advised of estrogen therapy when relevant specimens are submitted. If 
jaundice develops, discontinue use while cause is investigated. Adminis- 
ter with caution in patients with impaired liver function, metabolic bone 
diseases associated with hypercalcemia, or renal insufficiency and in 
young patients with incomplete bone growth. The following endocrine and 
liver function tests may be affected by larger estrogen doses: increased 
sulfobromophthalein retention; increased prothrombin and factors VII, 
VIII, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability; increased thyroid binding globulin (TBG) 
leading to increased circulating total thyroid hormone, as measured by 
PBI, T4 by column, or T4 by radioimmunoassay; free T3 resin uptake is 
decreased, reflecting the elevated TBG; free T4 concentration is unal- 
tered: impaired glucose tolerance; decreased pregnanediol excretion; 
reduced response to metyrapone test; reduced serum folate concentra- 
tion: increased serum triglyceride and phospholipid concentration. 
Information for the Patient—See text of Patient Package Insert. 
Pregnancy Category X—See Contraindications and Boxed Warning. 
Nursing Mothers—Administer to nursing mothers only when clearly 
necessary. 

The 2-mg tablets contain FD&C Yellow No. 5 (tartrazine), which may 
cause allergic-type reactions (including bronchial asthma) in certain 
susceptible individuals, frequently those who also have aspirin 
hypersensitivity. 

Adverse Reactions: (See Warnings regarding induction of neoplasia, 
adverse effects on the fetus, increased incidence of gall bladder disease, 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions have been 
reported: Genitourinary system—Breakthrough bleeding, spotting, 
change in menstrual flow; dysmenorrhea; premenstrual-like syndrome, 
amenorrhea during and after treatment; increase in size of uterine fibro- 
myomata; vaginal candidiasis; change in cervical eversion and in degree 
of cervical secretion; cystitis-like syndrome. Breast— Tenderness, 
enlargement, secretion. Gastrointestinal—Nausea, vomiting; abdominal 
cramps, bloating; cholestatic jaundice. Skin—Chloasma or melasma 
which may persist when drug is discontinued; erythema multiforme, 
erythema nodosum, hemorrhagic eruption, loss of scalp hair, hirsutism. 
Eyes—Steepening of corneal curvature; intolerance to contact lenses. 
CNS—Headache, migraine, dizziness; mental depression; chorea. 
Miscellaneous —Increase or decrease in weight, reduced carbohydrate 
tolerance, aggravation of porphyria, edema, changes in libido. 

How Supplied: Tablets, containing 1mg (lavender) and 2 mg (turquoise) 
micronized estradiol, in bottles of 100 and compacts of 25; Vaginal 
Cream, each gram containing 0.1 mg 17f-estradiol in a nonliquefying 
base containing purified water, propylene glycol, stearyl alcohol, white 
ceresin wax, glyceryl monostearate, hydroxypropyl methylcellulose, 
sodium lauryl sulfate, methylparaben, disodium edetate, and 
t-butylhydroquinone, in 11⁄2-oz (42.5-g) tubes with calibrated plastic 
applicator for delivery of 1,2,3, or 4 g and in 12-02 (42.5-q) refill tubes. 
For Prescribing Information, please see physician package insert. 
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Arachidonic acid prevents hyperglycemia-associated yolk sac 


damage and embryopathy 


Emese Pinter, M.D., E. Albert Reece, M.D., Csaba Z. Leranth, M.D., Ph.D., 
Miguel Garcia-Segura, Ph.D., John C. Hobbins, M.D., Maurice J. Mahoney, M.D., and 


Frederick Naftolin, M.D., D.Phil. 


New Haven, Connecticut 


Light microscopic, electron microscopic, and morphometric studies were performed on rat conceptuses 

cultured between day 10 and day 12 in normal, hyperglycemic, arachidonic acid-supplemented normal, 

and arachidonic acid—supplemented hyperglycemic rat serum. The results were compared with those of 

12-day-old conceptuses grown in utero. No major differences were observed between in vivo and in vitro 

control conceptuses. Arachidonic acid supplementation of control culture medium resulted in an 

improvement of conceptus development. Addition of 20 ug/ml of arachidonic acid to an otherwise 

teratogenic hyperglycemic serum medium (950 mg/dl of D-glucose) prevented the malformations induced % 
by hyperglycemic conditions: open neural tube, advanced neuropil formation in the neuroepithelium, 

significant reduction of rough endoplasmic reticulum, decreased size and number of lipid droplets, and 

increased number of lysosome-like structures in the visceral endodermal yolk sac cells. (Am J OBSTET 


GYNECOL 1986;155:691-702.) 


Key words: Malformation prevention, hyperglycemia, arachidonic acid, yolk sac, neuropil 


In vivo and in vitro animal experiments with the use 
of hyperglycemic conditions have been conducted to 
create embryonic malformations; however, the patho- 
genic mechanism by which these anomalies occur re- 
mains unclear.' We reported induction of embryopathy 
in rat conceptuses cultured between pregnancy days 10 
and 12, under hyperglycemic conditions.?:* Neural tube 
defects were the most common malformations.® Ultra- 
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Reproductive Sciences. 

Award-winning paper, presented in part at the Sixth Annual M eeting 
of The Society of Perinatal Obstetricians, San Antonio, Texas, 
January 30-February 1, 1986. 

Reprint requests: Emese Pinter, M.D., Department of Obstetrics and 
Gynecology, Yale University School of Medicine, 333 Cedar St., 
P. O. Box 3333, New Haven, CT 06510. 


structural examination of the embryonic neuroepithe- 
lium revealed evidence of advanced neuropil forma- 
tion.” The yolk sacs of these embryos were also affected 
and were characterized by a marked reduction in vi- 
telline vessel formation, a significant decrease in rough 
endoplasmic reticulum, lipid droplets, and an increase 
in lysosome-like structures in the visceral endodermal 
cells. Recently Baker et al.‘ reported a reduction in 
hyperglycemia-related embryonic malformations in 
rats with arachidonic acid supplementation. We con- 
ducted light and electron microscopic studies on con- 
ceptuses cultured in hyperglycemic conditions with 
added arachidonic acid in order to determine whether 
the cellular alterations that we previously reported were 
preventable. 


Material and methods 


Culture medium preparation. Blood was collected 
aseptically from the abdominal aorta of ether-anesthe- 
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Table I. Evaluation of rat conceptuses cultured from days 10 to 12 under control and experimental 
conditions 





Culture conditions 





. In vitro control (n = 19) (mean + SD) 
. In vitro control + 20 pg/ml AA (n = 18) (mean + SD) 


p 
. In vitro control + 80 pg/ml AA (n = 6) (mean + SD) 
p 
950 mg/dl D-glucose (n = 17) (mean + SD) 


p 

950 mg/dl D-glucose + 1 pg/ml AA (n = 6) (mean + SD) 

. 950 mg/dl D-glucose + 10 pg/ml AA (n = 20) (mean + SD) 
. 950 mg/dl D-glucose + 20 ug/ml AA (n = 20) (mean + SD) 
. 950 mg/dl D-glucose + 80 pg/ml AA (n = 16) (mean + SD) 


P 


“Oman OC O w> 


Bn 






After incubation 
Yolk sac Crown-rump Embryonic 
diameter (mm) length (mm) malformations (J) 


4.04+0.14 3.78 + 0.34 0 
4.36 + 0.42 3.78 + 0.40 0 
0.003 (A vs. B) 0.004 (A vs. B) 

4.56 + 0.3 4.44 + 0.38 0 
<0.001 (A vs. C) <0.001 (A vs. C) 

3.36 + 0.63 3.24 + 0.46 100 
<0.001 (A vs. D) <0.001 (A vs. D) 

3.84 + 0.47 3.24 + 0.49 100 

3.65 + 0.37 3.49 + 0.39 100 

4.34+0.57 3.78 + 0.29 20 

4.58+0.12 4.42 +0).5 0 
0.001 (D vs. H 0.001 (D vs. H 

and Avs. H) and Avs. H) 


AA = Arachidonic acid. Preincubation conceptus diameter about 1.00 mm, measured in the midregion between the embryonic 


and ectoplacental cones. 


tized, 70- to 80-day-old male rats (Charles-River, CD 
strain) for preparation of serum medium. The blood 
was immediately centrifuged at 3500 rpm (1000 x g), 
according to previously described methods.’ Sera from 
several rats were pooled and ether evaporated—heat 
inactivated in a water bath at 56° C for 30 to 40 min- 
utes. Fifty micrograms of streptomycin and 50 IU of 
penicillin per milliliter were added before storage at 
—%0° C. Before use in culture, the serum was thawed 
at room temperature, filtered through a millipore filter 
(0.45 u) and 5 ml aliquots were placed into 60 ml Pyrex 
roller bottles in which conceptuses were cultured for 
48 hours. 

Conceptus culture. Conceptuses were obtained from 
timed pregnant rats (Charles River, CD strain) bred 
under normal laboratory conditions of 14 hours’ daily 
illumination (sperm-positive day = day 1 of preg- 
nancy). On pregnancy day 10 (embryonic age 9.5 days), 
pregnant female rats were killed by a blow on the head. 
Conceptuses were aseptically explanted and placed in 
Trowell T8 tissue culture medium (Gibco Laboratories, 
Grand Island, New York). Reichert’s membrane was 
ruptured and removed, thereby exposing the neurula 
stage embryo and extraembryonic membranes. The di- 
ameter of the conceptuses measured at the midregion 
between embryonic and ectoplacental poles was ap- 
proximately 1 mm, and only embryos with two somites 
(Witschi stage 13) were used for these studies. The 
intact conceptus complex composed of embryo, visceral 
yolk sac, amniotic sac, and ectoplacental cone was cul- 
tured for 48 hours in an appropriately increasing oxy- 
gen environment as follows: 10% oxygen, 5% carbon 
dioxide, 85% nitrogen for the first 16 hours; 20% oxy- 
gen, 5% carbon dioxide, and 75% nitrogen for the next 
24 hours; and 40% oxygen, 5% carbon dioxide, and 


45% nigrogen for the last 8 hours.’ 


Experimental conditions 

Group 1: In vivo controls. Conceptuses were harvested 
from the uterus on pregnancy day 12. 

Group 2A: In vitro controls. Conceptuses were cultured 
in male rat serum. 

Group 2B: In vitro controls with added arachidonic acid. 
The sodium salt of arachidonic acid (Sigma Chemical 
Co., St. Louis, Missouri) was added in concentrations 
of 1, 10, 20, or 80 ug/ml to the same male rat serum 
used in control group 2A. 

Group 3: Hyperglycemic conditions. Serum was prepared 
by adding a-p-glucose to the same male rat serum used 
in the control cultures to achieve a final concentration 
of 950 mg/dl. This glucose concentration was 6.5 times 
higher than that in normal male rat serum (group 2A). 

Group 4: Hyperglycemic medium with added arachidonic 
acid. Serum was prepared as described in group 3, with 
the addition of arachidonic acid in the same concen- 
trations used in group 2B. The number of samples 
studied is shown in Table I. The osmolality of the con- 
trol and hyperglycemic sera was measured at the be- 
ginning and end of the culture period. The osmolality 
of control and hyperglycemic sera was about 280 and 
330 mOsm/kg, respectively, at both the start and the 
end of culture. The osmolality of the hyperglycemic 
serum remained below that reported to be teratogenic.’ 

Assessment parameters. At the end of the 48-hour 
culture period, conceptuses were washed in saline so- 
lution. Gross morphologic features of the visceral yolk 
sac and the embryo were assessed by organ primordia 
developmental criteria, as outlined by Witschi. The 
largest diameter of the conceptuses and the crown- 
rump length of the embryos were measured. Live con- 
ceptuses were studied after the establishment of via- 
bility by the presence of a beating heart. For embryos , 
with complete or incomplete dorsal tail flexion, the 
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Table II. Morphometric analysis of the visceral endodermal yolk sac cells under control and experimental - 
conditions 




















Lysosome- Rough 
like endoplasmic 
Experimental vacuoles reticulum 
condition (%) (%) 





In vivo control 7.6 + 0.5 13.1 + 0.8 

In vitro control 9.5 + 0.4 9.2 + 0.9 

In vitro control + 10.0 + 1.2 12.9 + 1.3 
20 pg/ml AA 

950 mg/dl D-glucose 46.2 + 4.1*+ 3.4 + 0,2*+ 

950 mg/dl D-glucose + 8.6 + 0.4 12.5 £ 1.6 


20 ug/ml AA 


Data are mean + SEM from 10 conceptuses in each group. All data are from 12-day-old in vivo and in vitro rat yolk sacs. 


AA = Arachidonic acid. 


Cell volume occupied by 















Yolk sac 
surface 
Mito- Golgi occupied by 
chondria apparatus blood vessels 
(%) (%) (%) 








11.5 + 0.5 h.3 2 0.2 re Be Sal OS a 46.0 + 5.0 

10.4 + 0.8 1.8 + 0.1 6.8 + 0.64 9.0 + 0.94 
7.0 + 0.8 2.6 + 0.8 19.2 2.0% 23.3 + 3.3* 
8.2. 12 0.8 + 0.2 1.7 + 0.2*+ 3.9 + 1.4*F 
10.5 + 1.0 18 + 0.1 By ee OS BY a 23,2 282" 


*Value is significantly different (p < 0.001) from that of in vitro control. 
*Value is significantly different (p < 0.001) from that of the in vivo control. 


longest distance between the head and body region was 
used as the crown-rump length. Retardation of em- 
bryonic growth and extent of differentiation or devia- 
tion from normal development were scored (Table I). 
Conceptuses were fixed overnight in 1.5% glutaralde- 
hyde and 1.5% paraformaldehyde in 0.1 mol/L phos- 
phate buffer (pH 7.4), then postfixed in 1% osmium 
tetroxide for 2 hours, dehydrated, and embedded in 
araldite (EM bed 812, E.M.S., Ft. Washington, Penn- 
sylvania). Semithin (1.0 wm) and ultrathin sections were 
made by a Reichert microtome. Semithin sections were 
stained with toluidine blue and examined by the light 
microscope. Ultrathin sections were examined with a 
Hitachi HU12 electron microscope. Morphometric 
studies were conducted according to the methods of 
Weibel’; measurements were made on electron micro- 
graphs or on semithin sections (Tables II and III). The 
volume density for cell organelles was expressed as a 
percentage of the total cytoplasmic volume obtained by 
“point counting” analysis of electron micrographs.’ The 
percent of yolk sac surface occupied by blood vessels 
and the percent of neuroepithelium occupied by blood 
vessels and by neuropils were also determined by “point 
counting” analysis.’ The statistical significance of dif- 
ferences between groups was evaluated with the un- 
paired Student ¢ test. 


Results 


Group 1: In vivo control conceptuses. The typical 
features and comparison of 12-day-old in vivo and 
in vitro conceptuses have previously been described in 
detail.” * Twelve-day-old conceptuses had prominent 
yolk sac vascularization, and no embryonic malforma- 
tions were observed (Fig. 1, a). The cells of the closed 
neural tube were arranged in palisades, and many of 
„them located at the luminal surface showed signs of 
mitotic activity. They were immature in appearance and 


Table III. Morphometric analysis of 
embryonic neuroepithelium under control and 
experimental conditions 





Neural tube surface 


occupied by 












Experimental Blood vessels 


condition 







Neuropil 
(%) 


In vivo control 2.11.8 1.5 + 0.6 
In vitro control 9.7 + 0.4 1.5 + 0.8*e 
950 mg/ml D-glucose St O.1F E ie ey 
950 mg/ml D-glucose + 8.2 + 0.4* 1.5 + 0.4* 


20 pg/ml AA 
Seer re a ey 


Data are mean + SEM from 10 semithin sections evaluated 
from each embryo. AA = Arachidonic acid. 


*Value is significantly (p < 0.001) different from that of 
experimental group, 950 mg/ml D-glucose. 


*Value is significantly (p < 0.001) different from that of 
in vitro controls. 


consisted of a large nucleus compared with the size of 
the perikaryon, a low number of mitochondria, and a 
large number of ribosomes.’ Under the light micro- 
scope the visceral endodermal yolk sac layer exhibited 
a wavelike appearance. The columnar absorptive cells 
were sitting on a highly vascularized mesenchyme con- 
taining fibroblast-like cells. A mesothelium lined the 
exocoelomic surface. The visceral endodermal cells 
contained lysosome-like structures in the supranuclear 
region, many of which were heavily stained with tolui- 
dine blue. Numerous lipid droplets were present to- 
ward the basal pole of the cells (Fig. 2, b). Electron 
microscopic examination of the visceral endodermal 
cells demonstrated findings similar to those previously 
described by Padykula et al.* and were characterized 
by slender and elongated apical microvilli (Fig. 2, a), 
lateral and basal infoldings of cell borders (Fig. 2, a 
and c), abundant rough endoplasmic reticulum, nu- 
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Fig. 1. Whole-mount photographs of 12-day-old rat conceptuses: In vivo grown conceptus (a); 
conceptus cultured for 2 days in male rat serum (glucose concentration 140 mg/dl) (6); conceptuses 
cultured for 2 days in male rat serum with added D-glucose (glucose concentration = 950 mg/dl) 
(c, d, and e); and conceptus cultured for 2 days in the same hyperglycemic serum (950 mg/dl) with 
added arachidonic acid (20 pg/ml) (f). The controls (a and b) depict prominent yolk sac vascular- 
ization and normal embryonic development. Conceptuses cultured in hyperglycemic medium showed 
vascular impairment of yolk sacs and embryonic malformations (c, d, and e). Under identical hy- 
perglycemic conditions, with added arachidonic acid (f), normal vascularization and normal em- 


bryonic development are illustrated. (Original magnification X 60.) 


merous mitochondria with dense matrices ( Fig. 2, c and 
d), and lysosome-like structres (Fig. 2, a, c, and d). Lipid 
droplets were observed in some nuclei (Fig. 2). 
Group 2A: In vitro control conceptuses. The gross 
morphologic features of conceptuses cultured in con- 
trol conditions were similar to those of in vivo controls, 
as reported previously.” > The embryonic crown-rump 


lengths were reduced and the embryos were free of 
malformations (Fig. 1, b). The light and electron mi- 
croscopic findings were also similar to those of in vivo 
controls with some exceptions: The cells of the neu- 
roepithelium contained less numerous ribosomes than 
were present in in vivo controls. Some of the visceral, 
endodermal yolk sac cells had increased numbers and 
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Fig. 2. Electron (a, c, and d) and light (b) micrographs of the visceral endodermal yolk sac layer of 
a 12-day-old conceptus grown in utero. This layer shows a wavelike surface appearance with un- 
derlying vitelline vessels and mesothelium (4). The apical part of these endodermal cells contains 
lysosome-like structures, and the basal part contains numerous lipid droplets (b). The visceral en- 
dodermal cells possess slender microvilli, lysosome-like structures (L), several mitochondria, free 
ribosomes, and a rich network of rough endoplasmic reticulum (a, c, and d). Arrows (a, c, and d) 
point out the lipid droplets in the subnuclear region and in the nucleus. The underlying capillary 
is shown by a thick arrowhead (c). The basal cell surface has numerous fingerlike projections (a and 


c). Bar scales: 1 um. (b, Original magnification x 40.) 


densely stained supranuclear lysosome-like structures; 
there was a slight decrease in the quantity of rough 
endoplasmic reticulum; there were mitochondria with 
less electron-dense matrices, and there was a decrease 
in the number of lipid droplets (Fig. 3, a and b, Ta- 
ble II). 

Group 2B: In vitro control conceptuses with added 


“arachidonic acid. Addition of 1 or 10 pg/ml of ara- 


chidonic acid to the control culture medium did not 
result in any significant changes in the conceptuses. 
However, addition of 20 or 80 ug/ml of arachidonic 
acid resulted in a significant increase in conceptus di- 
ameter and embryonic crown-rump length. No embry- 
onic malformations were observed (Table I). The em- 
bryonic neural tube was closed, and the histologic fea- 
tures of the neuroepithelium were not different from 
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Fig. 3. Electron (a) and light (6) micrographs of the visceral endodermal layer of rat yolk sac from 
a conceptus cultured from days 10 to 12 in male rat serum. The visceral endodermal layer exhibits 
a wavelike pattern, with underlying capillaries and mesothelium (b). The electron micrograph (a) 
shows microvilli and several mitochondria, rich rough endoplasmic reticulum, free ribosomes, and 
numerous lysosome-like (L) structures with varying degrees of electron density. Arrows indicate the 

x small lipid droplets at the base of the cell and in the nucleus (a). An arrowhead shows the capillary 
lumen (a). Bar scale: 1 wm. (b, Original magnification X 40.) 


those of controls. The yolk sac vascularity was more 
prominent compared with that of controls without ar- 
achidonic acid supplementation (group 2A). A signif- 
icant increase in the percent of yolk sac surface occu- 
pied by blood vessels was demonstrated by morphom- 
etry (Table II). Light microscopic examination of the 


visceral endodermal yolk sac cells revealed a similar 
location of apical lysosome-like structures and basal 
lipid droplets compared with those found in vivo ( Figs. 
2, b, and 4, b). 

Electron microscopic examination of the visceral en- 
dodermal cells demonstrated thin microvilli, several mi-, 
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Fig. 4. Electron (a, c, and d) and light (b) micrographs of the visceral endodermal layer of rat yolk 4 
sac from a conceptus cultured from days 10 to 12 in male rat serum containing added arachidonic 4 
acid (20 ug/ml). The visceral endodermal yolk sac layer shows a wavelike surface pattern and vacuolar , 


distribution within the cells: few apical lysosome-like structures and many basal lipid droplets (b). 
Electron micrographs (a, c, and d) show microvilli, several mitochondria, abundant rough endo- 
plasmic reticulum, and free ribosomes. Arrows (a, c,and d) indicate the numerous and large lipid 
droplets toward the basal membrane, and arrowheads (a, c, and d) show the lumen of a blood vessel. 
Bar scales: 1 um. (b, Original magnification x 100.) 


tochondria, well-developed rough endoplasmic retic- 
ulum, and large lipid droplets toward the basal mem- 
brane (Fig. 4, a, c, and d). 

Group 3: Conceptuses cultured in hyperglycemic 
conditions. The glucose concentration of 950 mg/dl 
was chosen since it produced a 100% malformation 
rate: A dose-related increase in incidence of malfor- 
mations was observed with the use of increasing glucose 
concentrations (350 mg/dl = 10%; 450 mg/dl = 10% 
to 20%; 750 mg/dl = 50%; 950 mg/dl = 100%). How- 
ever, the types of induced malformations did not differ 


„with changes in glucose concentration (unpublished 


data). Exposure of conceptuses to serum containing 
excess D-glucose (950 mg/dl) resulted in a significant 
reduction in conceptus size (Table I). All the embryos 
demonstrated grossly anomalous embryonic develdp- 
ment, including open neural tube, microcephaly, dorsal 
tail flexion, heart defects, and pericardial effusion (Fig. 
1, c, d, and e). The neural tube demonstrated failure 
of closure and loss of ordered cellular arrangement, 
and mitotic cells that were few and were distant from 
the luminal surface.’ Homogeneous material was seen | 
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Fig. 5. Panel a demonstrates the neuroepithelium dissected from the rhombencephalon area of a 
rat conceptus cultured from days 10 to 12 in hyperglycemic medium with added arachidonic acid 
(950 mg/dl of D-glucose and 20 pg/ml of arachidonic acid in male rat serum). The neuroepithelial 
cells show “blastlike” features: large-sized nucleus, less expanded perikaryon, few mitochondria, and 
free ribosome rosettes. Between the neuroepithelial cells few cell processes (arrows) could be observed. 
Panel b is an electron micrograph taken from the rhombencephalon area of the open neural tube 
of a conceptus cultured from days 10 to 12 in hyperglycemic medium (950 mg/dl of D-glucose in 
male rat serum). The electron micrograph demonstrates an area of the prematurely formed inter- 
cellular neuropil that frequently occurs in the open neural tube close to the site of failed fusion. 
The neuropil includes interdigitating cell processes containing neurofilaments and neurotubules, 
some of which contain free ribosomes, mitochondria, and lipid droplets. Bar scale: 1 pm. 


within the embryonic neuroepithelium revealed nu- 
mierous cell processes containing mitochondria, micro- 
tubules, and lipid droplets (Fig. 5, b). Morphometric 
analysis demonstrated that the percent of neural tissue 
occupied by neuropils was significantly increased and 
that occupied by blood vessels significantly decreased 
(Table III). 

The visceral yolk sacs of all conceptuses had mark- 
edly reduced formation of vitelline vessels that was sim- 
ilar to changes that were reported previously at a glu- 
cose concentration of 750 mg/dl’ (Fig. 1, c, d, and e, 


Table II). The wavelike appearance of the visceral en- 
dodermal yolk sac layer observed in controls was absent 
(Fig. 6, b). The supranuclear lysosome-like structures 
were increased in number and size, and infranuclear 
lipid droplets were occasionally seen (Fig. 6, b and e). 
The mesothelial layer was found to be in close contact 
with the visceral endodermal layer, associated with poor 
development of the mesenchyme (Fig. 6, b). 

Electron microscopic examination of the visceral en- 
dodermal cells revealed short, thick microvilli, a 
marked reduction in rough endoplasmic reticulum 
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Fig. 6. Electron (a, c, d, and e) and light (b) micrographs of the visceral endodermal layer of rat yolk 
sac from a conceptus cultured from days 10 to 12 in male rat serum containing D-glucose (concen- 
tration 950 mg/dl). The visceral endodermal yolk sac cell layer (b) is flattened. An increased number 
of lysosome-like structures and small, occasionally seen lipid droplets are observed. The mesothelium 
is in close proximity to the endodermal layer (b). Electron micrographs (a, c, d, and e) show shortened 
microvilli, numerous lysosome-like structures (L), swollen mitochondria, and decreased rough en- 
doplasmic reticulum (a, c, d, and e). Arrow (e) points out the occasionally seen lipid droplets. The 
basal cell projections are less numerous (c and d). Arrowhead (c) indicates the blood vessel lumen. Bar 
scales: 1 um. (b, Original magnification x 100.) 


(Table II and Fig. 6, c, d, and e), swollen mitochondria, scopic features of mesenchymal and mesothelial cells 
and many supranuclear electron-lucent lysosome-like were not different from those observed in the controls 
structures (Fig. 6, c, d, and e). The fingerlike projections (groups 1, 2A, and 2B). 

of the basal surface of the visceral endodermal cells Group 4: Conceptuses cultured in hyperglycemic 


` were less prominent (Fig. 6, d and e). Electron micro- conditions with added arachidonic acid. Protection 
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Fig. 7. Electron (a, c, and d) and light (b) micrographs of the visceral endodermal layer of the rat 
yolk sac from a conceptus cultured from days 10 to 12 in male rat serum containing D-glucose 
(concentration 950 mg/dl) and arachidonic acid (20 g/ml). The visceral endodermal yolk sac layer 
shows a wavelike surface. Few apical lysosome-like structures and numerous large basal lipid droplets 
are seen in these cells (b). Electron micrograph (a) illustrates slender microvilli, mitochondria, and 


abundant rough endoplasmic reticulum. Arrows (a, c, d,) indicate the large lipid droplets below which 


are numerous basal cell projections (c). Bar scales: 1 ym. (b, Original magnification X 40.) 


against embryonic malformations was not seen when 
arachidonic acid in a concentration of 1 or 10 pg/ml 
was added to the hyperglycemic medium (950 mg/dl). 
A decreased frequency of malformations could be 
achieved with the use of 20 or 80 ug/ml arachidonic 
acid supplementation to this hyperglycemic medium 


that caused 100% retarded and anomalous conceptuses 
in group 3 (Table I). The yolk sac diameter and 
embryonic crown-rump length were significantly in- 
creased (Table I). The cellular arrangement and mitotic 
rate in the neural tube were most similar to those ob- 
served in the in vivo controls.’ The neuroepithelium of 
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these embryos was indistinguishable from that of con- 
trols and contained blastlike cells and a minimal degree 
of neuropil formation (Fig. 5, a). The yolk sacs dem- 
onstrated confluent vascularity similar to that in in vitro 
controls and even closer in appearance to the in vivo 
controls (Fig. 1, a, b, and f ). Within the embryo, there 
was also prominent vessel formation. These features 
contrast strikingly with the poor yolk sac and embryonic 
vascular pattern seen in conceptuses cultured in hy- 
perglycemic serum without the addition of arachidonic 
acid (Fig. 1, c, d, and e). 

Under light microscopy the visceral endodermal cell 
layer demonstrated the same wavelike appearance as 
seen in the in vitro and in vivo controls (Figs. 2, b, 3, 
b, 4, a, and 7, b). The supranuclear lysosome-like struc- 
tures within these cells were decreased in number and 
size, as compared with those under hyperglycemic con- 
ditions alone, and were closest in appearance to in vivo 
controls (Table II, Fig. 3, b and 7, b}. Infranuclear lipid 
droplets were increased in number and size (Fig. 7, b. 
Electron microscopic examination of the endodermal 
cells revealed numerous delicate microvilli, a marked 
increase in rough endoplasmic reticulum, and normal- 
appearing mitochondria (Fig. 7, a, ¢, and d). Basal cell 
projections were prominent (Fig. 7, c). These findings 
were indistinguishable from those seen in controls (ei- 
ther in vivo or in vitro conceptus with added arachi- 
donic acid). Between the visceral endodermal and 
mesothelial layers the mesenchyme was prominent and 
contained many vitelline vessels (Fig. 7, b and Table I). 
The ultrastructural features of the fibroblast-like cells 
were also not different from those seen in controls. 

Morphometry demonstrated a significant increase in 
the percentage of yolk sac surface occupied by blood 
vessels (Table II). The percentage of cell volume oc- 
cupied by rough endoplasmic reticulum was similar to 
that seen in in vivo or in vitro controls (Table II). The 
percentage of cell volume occupied by lipid droplets 
was intermediate between that observed in in vivo and 
in vitro controls (Table IJ). In the sections made from 
the neural tube, there was no significant difference be- 
tween tne percent cf neuropils in these embryos and 
that in in vivo controls (Table II). A marked increase 
in the percent of the neuroepithelium occupied by 
blood vessels was observed (Table III). 


Comment 


We performed morphologic and morphometric anal- 
yses of 12-day-old conceptuses cultured in normal or 
hyperglycemic conditions, with and without added ar- 
achidonic acid. The findings were compared with those 
of 12-day-old concep<uses grown in utero. Arachidonic 
acid itself was not teratogenic when added to the control 
culture medium; in fact, improvement in the devel- 
opment of the conceptuses was observed (group 2A). 
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The results obtained by examination of conceptuses 
cultured in hyperglycemic medium with added ará- 
chidonic acid (group 4) demonstrated that the addition 
of arachidonic acid to the teratogenic hyperglycemic 
medium prevented both gross embryonic malforma- 
tions and microscopic abnormatilities of the visceral en- 
dodermal yolk sac cells and the neuroepithelium. Ar- 
achidonic acid prevented advanced neuropil formation 
in the neural tube as well as reduction of quantity of 
rough endoplasmic reticulum, decrease in number of 
lipid droplets, and increase in number of lysosome-like 
structures within the endodermal yolk sac cells. 

The ‘restoration of the normal ultrastructure and 
function of the yolk sac is of particular interest. Payne 
and Deuchar,’ by using in vitro rat culture and remov- 
ing the different yolk sac layers, demonstrated that an 
intact visceral endodermal yolk sac layer is essential to 
normal embryogenesis. Studies by Freeman et al.” 
showed that the visceral yolk sac endoderm, which is 
an epithelium with transport function, mediates the 
selective transfer of macromolecules to the developing 
embryo. The critical role of the yolk sac in abnormal 
embryogenesis was suggested by Brent et al. They 
found that administration of heterologous anti-yolk sac 
antisera placed in the culture medium or exocoelom 
resulted in embryopathy. When the antibody was in- 
stilled into the amniotic cavity, however, no embryonic 
malformations were observed.” 

In the present study, we found that arachidonic aqd 
prevented the quantitative reduction of rough endo- 
plasmic reticulum in the visceral endodermal cells that 
occurs with hyperglycemic conditions (Table II). Dur- 
ing organogenesis, the yolk sac is the first organ that 
produces essential proteins, including a-fetoprotein, 
prealbumin, albumin, transferrin, a,-antitrypsin, and 
apolipoproteins.’* These proteins are probably pro- 
duced in the rough endoplasmic reticulum of the en- 
dodermal cells. The use of arachidonic acid in hyper- 
glycemic medium maintained a normal rough endo- 
plasmic reticulum, which may have preserved the 
synthetic activity of the yolk sac. In addition the rough 
endoplasmic reticulum is the site of the synthesis of 
cellular membranes. Therefore impairment in rough 
endoplasmic reticulum could adversely affect mem- 
brane functions in other cell organelles as well as func- 
tions of the cytoplasmic membrane itself.” 

Within the endodermal yolk sac cells there was also 
restoration of the normal ratio between lipid droplets 
and lysosome-like structures in the arachidonic acid— 
supplemented hyperglycemic medium (Table I1). In 
most cell types, the biochemical content of lipid drop- 
lets and their precise role in cellular metabolism are 
largely unknown." Autoradiographic studies by Galli 
et al." have revealed that in human mast cells and mac- 
rophages, added arachidonic acid concentrated into cy- 
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toplasmic lipid bodies. Also Padykula et al.* described 
an increase in lysosome-like structures and a decrease 
in lipid droplets in the aging yolk sac, along with di- 
minished absorptive capacity.® We saw similar anatomic 
alterations in hyperglycemic culture conditions. 

When arachidonic acid was added to the hypergly- 
cemic medium, prominent embryonic and yolk sac vas- 
culature was observed, similar to that seen in in vivo 
controls, In vertebrates, the first circulation is the vi- 
telline circulation, originating within the yolk sac dur- 
ing organogenesis.” Organogenesis Is a critical phase 
of conceptus development, during which the embry- 
onic nutrition changes from the histotrophic to the 
hemotrophic type.” Insults to the yolk sac, which ad- 
versely affect the development of vitelline vessels, could 
lead to deleterious effects on the development of em- 
bryonic vessels and blood cells and to asphyxia with 
secondary adverse effects on organogenesis. 

The mechanism or mechanisms by which arachidonic 
acid protects against hyperglycemia-related embryopa- 
thy are at the present time speculative, as is any relation 
to teratogenesis in humans. However, it has been re- 


ported that diabetic patients with vascular complica- 


tions have low serum concentrations of linoleic and 
arachidonic acids.'® Conversely, in patients ingesting 
linoleic acid—rich diets, a dimunition in vascular com- 
plications was reported. In view of the prevention of 
hyperglycemia-related malformations with arachidonic 
acid supplementation and the aforementioned clinical 
observations, we postulate that under hyperglycemic 
condition an insufficient concentration of arachidonic 
acid may be present that leads to disturbance in many 
physiologic processes in the developing conceptus and 
results in embryopathy. 
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Human placental opioid peptides: Correlation to the 


route of delivery 


Mahmoud S. Ahmed, Ph.D., Laura W. Randall, B.S., Anna G. Cavinato, Ph.D., 
Dominic M. Desiderio, Ph.D., Genevieve Fridland, B.S., and Baha Sibai, M.D. 


Memphis, Tennessee 


The levels of opicid peptides in placental extracts were determined by means of a radioreceptor assay 

with two prototypical opioid ligands, *H- -ethylketocyclazocine and 3H-p-ala?-enkephalinamide. Opioid peptide 
levels were significantly higher in the placentas obtained by the vaginal route than in those by the 
abdominal route. The different peptides in the extract were detected by reverse phase high-performance 
liquid chromatography and a radioreceptor assay for all fractions. The presence of dynorphin-like peptides 
in several fractions suggests that one or more could be the “natural” ligand of the opioid receptors in the . 
human placenta. A role for these peptides in parturition is a viable possibility. (Am J Osster GYNECOL 


1986;155:703-6.) 


Key words: Placental opioid peptides, mode of delivery 


The human placental villous tissue contains opioid 
receptors.' These receptors have been isolated and par- 
tially purified.” The amount of receptors present in 
villous tissue were significantly higher in placentas ob- 
tained abdominally than in those by the vaginal route.’ 
It was postulated that the lower receptor numbers, in 
cases of vaginal delivery, may be attributed to receptor 
down-regulation because of the known surge of opioid 
peptides observed in maternal circulation at the onset 
of labor.® These speculations were substantiated by the 
absence of opioid receptors in placentas of mothers who 
used or abused opioids during pregnancy.° The pla- 
cental receptors have properties of the k-type.* How- 
ever, the opioid-like activity in peptide-containing 
extracts of villous tissue ‘measured by bioassay’ or ra- 
dioimmunoassay* indicates the presence of §-lipotro- 
pin, B-endorphin, methionine enkephalin, and sub- 
stance P, that is, the 5-type. Indeed partial purification 
of B-endorphin and §-lipotropin from placental villous 
tissue has been reported.’ These peptides have low af- 
finity for the placental receptors; therefore it is unlikely 
that one of them would be the “natural” ligand for the 
placental receptors.’ In addition the physiologic role of 
these peptides in the human placenta remains unclear. 
It is suggested that these peptides may regulate pain 
transmission (pain impulses) locally from the distended 
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uterus during pregnancy or from the vaginal tract dur- 
ing childbirth. Alternatively these peptides may play a 
role in modulating acetylcholine release from the vil- . 
lous tissue in vivo in a manner similar to that shown 
in vitro for opioid alkaloids. These findings led us to 
investigate whether opioid peptide levels correlate with 
mode of delivery in a manner similar to that observed 
for placental opioid receptors. In addition, we inves- 
tigated the presence of an opioid peptide in placent&l 
extracts with x-like properties that could be the natural 
ligand for the placental receptors. We report here on 
the detection of such a peptide in placental extracts and 
on the correlation between opioid peptide levels and 
mode of delivery. 


Material and methods 


Materials. Term human placentas were obtained 
from 18 patients (nine had spontaneous vaginal deliv- 
ery and nine had abdominal delivery). No patient had 
any associated medical or obstetric complication. All 
abdominal deliveries were done electively before the 
onset of labor. 


Methods 


Radioreceptor assay. Rat brain minus cerebellum P, 
fraction homogenates were used as a source of opioid 
receptors. A membrane concentration of approxi- 
mately 1 mg of protein per milliliter in 0.05 mol/L Tris, 
pH 7.4, was used in the binding assay. Each binding 
assay was done in triplicate and each tube contained 
the following: 0.3 to 0.4 mg of membrane protein, Tris 
buffer, 1 nmol/L of the radioactive opioid, and an ali- 
quot of placental extract. The final volume of the assay 
was 500 wl. The binding assay mixture was incubated 
at 27° C for 30 minutes. Bound ligand was separated 
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Fig. 1. The amount of inhibition caused by placental extracts 


“on the specific binding of *H-EKC (A) and *H-DAME (B) to 


opioid receptors of rat brain homogenates. The results are 
expressed in equivalents of the ligand being displaced by an 
aliquot of the extract and normalized per gram of wet weight 
of villous tissue extracted. The results are the mean of nine 
placentas obtained vaginally and nine by the abdominal route. 


from free ligand by centrifugation. The pellet was 
washed superficially and resuspended in 1% Triton X- 
100. Scintillation fuid was added and the radioactivity 
measured. Specific binding was calculated from the dif- 
ference between the amount of tritium-labeled opioid 
bound in the presence and absence of 2 nmol/L non- 
labeled opioid. The opioids used were *H-ethylketo- 
cyclazocine (EKC, at 21.9 Ci/mmol) and *H-p-ala’-en- 
kephalinamide (DAME, at 39.4 Ci/mmol) purchased 
from New England Nuclear. Nonlabeled EKC was a 
gift from Sterling-Winthrop, Rensselaer, New York. 
Placental villous tissue extracts. The method was es- 
sentially that described by Sastry et al.” Term placentas 


were collected on delivery and kept at 4° C throughout 


all steps of preparation. An arterial cannula was in- 
stalled within 10 to 15 minutes of delivery, and fetal 
blood was washed out by perfusion with heparinized 
normal Krebs-Ringer bicarbonate solution. The extrac- 
tion of peptides was as described earlier.’ Tissue ex- 
tracts were then homogenized and precipitated with 
acidified acetone, and the supernatant was evaporated 
to dryness. The residue was dissolved in 0.1 mol/L acetic 
acid, concentrated, and desalted with the C 18 Sep-pak 
with the use of trifluoroacetic acid—acetonitrile. __ 
Separation and identification of the opioid peptides. 
The detection of opioid peptides in the placental ex- 
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tracts was carried out by means of reverse phase high- 
performance liquid chromatography according to the 
method described earlier." The placental extract was 
separated into 90 fractions with a Varian 5000 chro- 
matograph equipped with a 15 cm C18 Microbondapak 
column (Waters, Inc.) and an ultraviolet detector set at 
200 nm. An eluent containing 0.04 mol/L formic acid 
buffer titrated to pH 3.15 with triethylamine and an 
acetonitrile organic modiher was used. The concentra- 
tion of organic modifier was increased from 10% at 
time zero to 30% at 80 minutes followed by a 10-minute 
wash with 100% acetonitrile. The elution rate was 1.5 
ml/min. 

All fractions were assayed for their potency to dis- 
place tritium-labeled opioid ligand binding in a radio- 
receptor assay with the use of rat brain P, homogenates. 
An opioid agonist equivalent, for opioid-like activity, in 
each fraction was calculated and plotted versus reten- 
tion times of these fractions. A comparison was made 
with the opioid-like activity of a known mixture of 
opioid peptides fractionated by means of reverse phase 
high-performance liquid chromatography in the same 
manner. Fractions containing opioid (peptide)—like ac- 
tivity and corresponding in their retention times to the 
known standard peptides were pooled. Thus each tube 
in the pool was detected by its retention time and its 
opioid activity was measured by a radioreceptor assay. 


Results 

Levels of opioid-like binding activity in villous tis- 
sue extracts. Term human placentas were collected, 
with consent of the patient according to an approved 
protocol, from patients with uncomplicated pregnan- 
cies. The placentas were used to prepare a peptide- 
containing extract according to the procedure de- 
scribed in the Material and methods section. Each ex- 
tract was then assayed for its content of opioid-like 
binding activity with the use of a x-opioid (EKC) and 
a 8-opioid (DAME). The results in Fig. 1 represent the 
mean of nine different placentas obtained vaginally and 
nine by the abdominal route. These results indicate that 
villous tissue extracts from placentas obtained vaginally 
contain higher levels of opioid-like activity than those 
obtained abdominally with EKC (Fig 1, A) or DAME 
(Fig. 1, B) used as the opioid ligand. 

Separation and detection of placental peptides. Pla- 
cental villous extracts were fractionated by means of 
reverse phase high-performance liquid chromatogra- 
phy as described in the Material and methods section. 
Each extract was fractionated into 90 different tubes. 
An aliquot from each tube was tested for its ability to 
displace a tritiated opioid ligand (EKG or DAME) in a 
radioreceptor assay. Fig. 2 represents the amount of 
opioid activity in each fraction with *H-DAME used as 
a ligand. Fig. 3 is similar to Fig. 2; however, °>H-EKC,, 
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Fig. 2. The data represent the results obtained from reverse phase high-performance liquid chro- 
matography of a peptide-rich placental extract. On the X axis are the elution times of the fractions 
collected at the rate of 1 ml/min. On the Y axis are the amounts of 7H-DAME specifically displaced 
from their opioid receptor-binding sites, determined by means of a radioreceptor assay, by an 
aliquot of each fraction. The opioid-like activity in each fraction was calculated and is represented 
as feratomoles of DAME equivalent per fraction. Arrows at the top indicate the elution times of the 
corresponding opioid peptide standards eluted on the same reverse phase high-performance liquid 
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Fig. 3. This figure is identical to Fig. 2; however, each fraction was assayed for its ability to displace 
the k-opioid agonist *H-EKC from its opioid receptor-binding sites in a radioreceptor assay (see 
Material and methods section for details). Arrows at the top indicate the elution times of the opioid 


peptice standards in this experiment. 


a prototypical x-agonist, was used. Opioid peptide stan- 
dards were eluted on the same high-performance liquid 
chromatography column under the same conditions to 
determine their retention times. In Fig. 2 the elution 
fraction of each peptide standard is marked with an 
arrow. The results (Fig. 3) indicate the presence of sev- 
eral dynorphin-like peptides in placental extracts in the 
following fractions: dynorphin 1-7 (fraction 10-12), dy- 
norphin 1-8 (fraction 23-25), dynorphir. 1-12 (fraction 
32), and dynorphim 1-17 (fraction 48-50). 

The detection of these peptides was based on their 
retention times and their ability to displace *H-EKC 


from their specific binding sites on rat brain opioid 
receptors. | 


Comment å 


There are different physiologic roles for endorphins, 
enkephalins, and dynorphins in humans and laboratory 
animals. Numerous reviews have been written on the 
relation of these peptides to different physiologic func- 
tions, of which pain relief during labor is of major 
interest to our work. A study by Goland et al.° indicated 
that maternal plasma levels of B-endorphin increase 
during labor (cervical dilation > 4 cm), reaching a max- 
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imum at delivery. Umbilical and fetal plasma B-endor- 
phin levels did not correlate with maternal plasma 
levels, suggesting that fetal B-endorphins are not of 
maternal origin.® This finding was supported by an ear- 
lier report that umbilical arterial concentrations of B- 
endorphin are higher than venous concentrations.” 

However, a placental origin for these endorphins can- 
not be ruled out because placental tissue can synthesize 
its own B-endorphin.'’ In addition, results from our 
laboratory** and by others! have demonstrated the 
presence of opioid receptors in placental villous tissue. 
The amounts of these receptors were found to be lower 


in placentas obtained vaginally than in those obtained 


abdominally irrespective of the cesarean section being 
primary or repeat.’ In addition, placentas obtained 
from mothers with a history of opioid abuse during 
pregnancy had no detectable opioid receptors’ irte- 
spective of route of delivery. This led us to believe that 
the observed increase in maternal plasma B-endorphin 


at labor® or the chronic abuse of opioids by mothers: ’ 


during: pregnancy could result in placental receptor 
desensitization or down-regulation. A similar down- 
regulation has been observed in laboratory animals" 


and tissue culture cell lines’® after long-term adminis- 


tration of opioids. 

The results reported here indicate that a significant 
increase in opioid peptide levels is observed in placentas 
obtained vaginally when compared with those obtained 
-© abdominally (Fig. 1). Peptide levels were assayed by 
means of a radioreceptor assay with two different 
opioid alkaloids: DAME, which has preference to 8- 
receptors, and EKC, which has «-receptor preference. 
This assay minimizes the possibility of cross-reactivity, 
or false positive results, of the B-endorphin radioim- 
munóassay commonly used. Since opioid receptors 
from the human placenta have low affinity for 6-ligands 
(for instance, enkephalins‘), we investigated the levels 
of «-like peptides in placental extracts with the use of 
EKC. Fig. 1, A, reveals the presence of «-like activity 
in placental extracts with levels higher in placentas ob- 
tained vaginally than in those obtained abdominally. 
Fig. 1, B, indicates a similar result with the use of a 
prototypical 8-ligand (DAME). Figs. 2 and 3 confirm 
the presence of several fractions containing opioid pep- 
tides with 8- and k-like activity, respectively. In addition 
Fig. 3 identifies the fractions containing dynorphin an- 
alagues by their retention times. These peptides have 
high affinity to the placental receptors and are prob- 
ably the natural ligand for these receptors. An earlier 
report’® demonstrated that dynorphin is the specific 
endogenous ligand of «-opioid receptors in the guinea 
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pig ileum: myenteric plexus—longitudinal muscle prep- 


aration and its brain homogenates. Preliminary inves- 


tigations of dynorphin levels in the fractions of placen- 


tas obtained vaginally and abdominally suggest a dif- 


ference; however, more data are needed before a 
statistically valid correlation could be concluded. It is 
likely that. one or more òf the opioid peptides of the k- 


_type may play a role in parturition since in vitro studies 


on human placental villous tissue indicated that the k- 


_ agonist (EKC) inhibits the release of acetylcholine from 


the tissue.” This inhibition is reversed by the x-antag- 
onist Mr-2266, and the antagonist alone stimulates the 
in sein release of acetylcholine from pea villous 
tissue. 

In conclusion, our results indicate that the levels of 
opioid peptides of the xk- and 6-types are higher in 
placentas obtained vaginally than in those obtained ab- 
dominally. This confirms earlier speculations*® that fe- 
tal opioid peptide levels may be of placental rather than 


` maternal origin.” In addition, opioid peptides of the 


x-type are present in the placental tissue, which may 


play a role in parturition through their modulation of 


acetylcholine release and are probably the “natural” 


- ligands of the k-opioid receptors present in placental 


villous tissue.* > 
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The significance of antepartum variable decelerations 


Akolisa Anyaegbunam, M.D., Lois Brustman, M.D., Michael Divon, M.D., and 


Oded Langer, M.D. 
Bronx, New York 


A total of 4886 nansiress tests were reviewed to establish the relationship between antepartum variable 
deceilerations and perinatal outcome. The association between various fetal heart rate components and 
variable decelerations was also studied. The incidence of variable decelerations, defined as three or more 
decelerations 215 bpm lasting at least 15 seconds in a 20-minute period, was 1.3%. The results suggest 
that in the presence of variable decelerations: (1) there is a higher incidence of fetal distress in labor, low 
Apgar scores, neonatal intensive care unit admissions, and nuchal cord involvement; (2) the presence of 
accelerations and normal variability is associated with good neonatal outcome, whereas their absence is 
associated with adverse outcome; (3) the presence of accelerations or good variability is not independently 
correlated with neonatal outcome. {Am J Ossret GYNECOL 1986;155:707-10.) 


Key words: Nonstress test, antepartum variable decelerations, perinatal outcome 


In the nonstress test, which is the most common 
method of antepartum fetal surveillance, the presence 
of accelerations with fetal movement has been shown 
to be indicative of fetal well-being. While some 
investigators’ have reported good fetal outcome in the 
presence of antepartum variable decelerations, oth- 
ers*” have suggested its association with fetal compro- 
mise. Therefore, the purpose of this study was to fur- 
ther examine the relationship between antepartum 
variable decelerations and perinatal outcome and to 
assess the association between various fetal heart rate 
components and variable decelerations. 


Material and methods 


A retrospective case-control study was conducted. 
Cases with variable decelerations and matched controls 
were selected from 3300 patients in whom 4886 con- 
secutive nonstress tests were performed during a 2-year 
period (April 1983 to May 1985). Nonstress tests were 
performed for a variety of indications. The antepartum 
testing scheme for high-risk patients in our institution 
is to conduct nonstress tests every 3 days with daily fetal 
movement counting. Abnormal tests were further eval- 
uated with a biophysical profile and patients were man- 
aged as indicated by the score of the profile.® For all 
tests, patients were placed in the left lateral position 
and either a Corometrics Model III, Hewlett-Packard 
Model 9020, or Litton Model AM 550 fetal monitor 
with an external tocodynamometer was used. Fetal 
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movements were documented by the mother using an 
event marker. 

Cases were patients whose tracings demonstrated 
variable decelerations, defined as three or more decel- 
erations #15 bpm lasting at least 15 seconds and as- 
sociated with fetal movement unrelated to uterine ac- 
tivity in a 20-minute observation period. Control sub- 
jects were selected from all patients with reactive 
nonstress tests by means of a systematic stratified sam- 
ple. Controls were matched to cases by maternal age, 
gestational age, and parity. A reactive nonstress test was 
defined as two fetal heart rate (FHR) accelerations as- 
sociated with fetal movement in a 20-minute observa- 
tion period.’ A tracing that did not meet the reactive 
criteria in an 80-minute period was considered non- 
reactive. Normal FHR variability 1s six or more FHR 
oscillations around a normal FHR baseline with an am- 
plitude of at least 6 bpm in a l-minute period.? ° A 
total sample of 64 cases and 150 controls were selected 
according to the described criteria. 

All FHR tracings and antepartum, intrapartum, and 
neonatal medical records were examined for cases and 
controls. Maternal factors considered included age, 
parity, diagnosis during pregnancy, volume of amniotic 
fluid, and method of delivery. Fetal and infant char- 
acteristics included fetal heart patterns, fetal move- 
ments, gestational age at testing and delivery, meco- 
nium, cord involvement, birth weight, Apgar scores 
and neonatal intensive care unit admissions. FHR trac- 
ings were analyzed for multiple variables, such as FHR 
baseline, depth and duration of decelerations, shape of 
decelerations, and presence of accelerations. From 
medical records the amniotic fluid volume was ascer- 
tained as a reflection of either ultrasound measure- 
ments or observation of an obstetrician at the time of 
delivery. When measurement was done by ultrasound 
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Fig. 1. Perinatal outcome in patients with variable decelera- 
tions and different combinations of accelerations and FHR 
variability. 


Table I. Selected characteristics of cases and 
controls | . 





Cases (n = 64) 
















Group I Controls 


(n = 15) 


Group H 
(n = 49) 


Matching factors 


-w Maternal age 26+7 27.5 
(mean + SD) 
Nulliparous (No.) 24 (37%) 62 (41%) 
Gestational age (wk, 38 + 3 38 + 2 
mean + SD) 
Interval from test to delivery (No.) 
24 hr 5 (33%) 0 (0%) 2 (1%) 
1-5 days 6 (40%) 30(61%) 97 (65%) 
>5 days 4 (27%) 19 (39%) 51 (34%) 


the volume was considered reduced if fluid pockets 
were <1 cm in vertical diameter." 

Intrauterine growth retardation was defined as the 
tenth percentile of birth weight for a given gestational 
age." 

To further examine the relationship between variable 
decelerations and neonatal outcomes cases were strat- 
ified into two groups. Infants were classified in group 
I if their l-minute Apgar score was <7 and/or they 


were admitted to the neonatal intensive care unit for - 


224 hours. Cases in group I represent adverse neonatal 
outcomes. Group II infants had 1-minute Apgar scores 
27 with a well-baby nursery admission or a neonatal 
intensive care unit admission of <24 hours. 

Univariate and bivariate statistical analysis was per- 
formed with the use of x’ and Fisher’s exact tests and 
continuous data by Student’s ż test. 
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Table II. Perinatal outcomes for live-born 
infants of cases and controls 


Cases| Controls 
(%) | (%) p Value 


Decreased amniotic fluid volume 12 6 NS 
Meconium 1] 5 NS 
Nuchal cord 28 15 <0.05 
Apgar scores <7 

1 min 23 9 <0.01 

5 min lI 2 <0.01 
NICU admission 

>24 hr 16 2 <0.001 
Small for gestational age 9 3 NS (p-0.07) 
Total patients (No.) 64 150 


NICU = Neonatal intensive care unit. 


Results 


The identification of 64 cases in the 4886 tracings 
reviewed represents a 1.3% incidence of variable de- 
celerations. Indications for testing in cases and controls 
were similar and include postdates, 44% and 49%; hy- 
pertension, 13% and 15%; and diabetes mellitus, 17% 
and 15%. 

The successful matching of cases and controls is re- 
flected by the comparability of maternal age, parity, and 
gestational age at delivery as presented in Table I. 

The majority of all patients were delivered within 5 
days, 64% (41) of cases and 66% (99) of controls. Fur- 
thermore, when stratified by perinatal outcome, 33% 
of adverse outcome cases in group I were delivered in 
the first 24 hours compared with no patients in group 
II and only 1% of controls. 

The perinatal outcomes for live-born infants of cases 
with variable decelerations and matched controls are 
presented in Table II. Although the prevalence of me- 
conium and decreased amniotic fluid was higher for 
cases than for controls, the differences were not statis- 
tically significant. There was, however, a significant ex- 
cess of instances of nuchal cord in cases compared with 
controls íp < 0.05). Significantly more neonates of 
cases than controls had low (<7) I-minute Apgar scores 
(23% compared with 7%) as well as low (<7) 5-minute 
Apgar scores (11% versus 2%). Neonatal intensive care 
unit admissions >24 hours were also significantly 
higher for cases than for controls. The higher incidence 
of small for gestational age infants in cases (9%) com- 
pared with controls (8%) approached statistical signif- 
icance. There were few fetal deaths with a rate of 16 
per 1000 for cases and 6 per 1000 for controls. 

Additional analyses were performed on the FHR 
tracings from cases to examine FHR characteristics as 
they relate to neonatal outcome. The a priori subgroups, 
group I (adverse outcomes) and group II (good out- 
comes), were used to stratify the cases for these com- 
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Fig. 2. 


parisons. The FHR characteristics associated with vari- 
able decelerations revealed a normal variability in 26% 
of group I compared with 80% in group II (p < 0.001). 
Accelerations were present in 53% of group I versus 
85% of group II (p < 0.05). Different combinations of 
accelerations and variability were analyzed in relation 
to adverse (group I) and good (group II) outcomes for 
the 64 case infants. These results are displayed in 
Fig. 1. The combination of accelerations and normal 
variability was significantly (p < 0.01) essociated with 
good outcomes (group H). In contrast, there was a sig- 
nificant association (p < 0.01) with adverse outcomes 
(group I) when acceleration and variability were absent. 
No association was seen for the combinations of either 
acceleration in the presence of decreased variability or 
normal variability in the absence of accelerations. 

Other components of the FHR such as baseline, 
depth, and duration of deceleration were carefully ex- 
amined. No significant differences were identified for 
any of these characteristics when analyzed with respect 
to neonatal outcomes (group I versus group II). 

Two shapes of variable decelerations were identified 
(Fig. 2). All cases had V-shaped decelerations and 22 
(34%) had both V-shaped and W-shaped (biphasic) de- 
celerations. Examination of the relationship between 
type of variable deceleration and nuchal cord revealed 
that the risk was 12 times greater for cases with W- 
shaped deceleration compared with cases with only V- 
shaped decelerations (relative risk of 12.5). 

The method and indications for delivery for cases 


onstress test tracings showing the two shapes of variable decelerations. 


Table III. Method of delivery and indication 
for cases and controls 









Group F! Group H; Controis” ' 
(%) (%) (%) 


Method of delivery 


Spontaneous vaginal delivery 60 76 74 

Cesarean section 40 24 26 
Indication for cesarean section 

Repeat Q 8 6 

Fetal distress 33 GF 4f 

Dystocia 7 10 16 
Total patients (No.) 15 49 150 


*p<0.05 (group I versus group II). 
tp<0.001 (group I versus control). 


and controls are presented in Table ITI. Although the 
cesarean section rates for cases and controls were vir- 
tually the same, being 28% and 26%, respectively; in- 
dications for fetal distress were significantly different 
between subgroups I and II of cases and between group 
I and controls. i 


Comment 


The findings from this study confirm previous 
reports*” that variable decelerations are significantly 
associated with adverse outcomes. However, in the 
present study we demonstrated that, in the presence of 
variable decelerations, accelerations and good variabil- 
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ity were associated with good fetal outcomes whereas 
their absence was correlated with adverse fetal out- 
comes. Adverse outcomes could not be explained by 
delayed delivery as 33% of group I were delivered 
within 24 hours of the abnormal fetal heart tracing 
compared with no cases in Group I] and 1% of controls. 
The cesarean section rate for fetal distress was also 
significantly higher in the adverse outcome group. 

The findings also support both the documented as- 

sociation between variable decelerations and cord 
involvement” ** and the role of the shape of the vari- 
able decelerations. Hon” previously observed that W- 
shaped variable decelerations appeared to be produced 
by cord compression. We also demonstrated a strong 
association between W-shaped variable decelerations 
and nuchal cord. Furthermore, W-shaped variable de- 
celerations have also been reported as significantly as- 
sociated with greater length of the umbilical cord." 
Thus a long cord may predispose the fetus to a greater 
risk of nuchal cord involvement and the possibility of 
cord compression, which is manifested by W-shaped 
variable decelerations on the nonstress test. 
- Although many clinicians have hypothesized that 
variable decelerations during the antepartum period 
are associated with reduced amniotic fluid and intra- 
uterine growth retardation, no previously reported 
study confirmed this association. From our work the 
association between variable decelerations and intra- 
uterine growth retardation approached statistical sig- 
nificance (p < 0.07) requiring confirmation by larger 
sample sizes. 

In summary, our results suggest that in the presence 
of antepartum variable decelerations there is a higher 
incidence of fetal distress in labor, low Apgar scores, 
neonatal intensive care unit admissions, and nuchal 
cord involvement. We also found that the presence of 
accelerations and normal variability is associated with 
good neonatal outcome, whereas their absence is as- 
sociated with adverse outcome. Finally, neither the 
presence of accelerations nor good variability is inde- 
pendently correlated with neonatal outcome. 


l. 


4. 
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A link between relative hypoglycemia-hypoinsulinemia during - 
oral glucose tolerance tests and intrauterine growth retardation 


Oded Langer, M.D., Karla Damus, Ph.D., Mitchell Maiman, M.D., Michael Divon, M.D., 


Judith Levy, M.D., and William Bauman, M.D. 


Bronx, New York 


Early identification of the intrauterine growth-ratarded fetus is a key factor in improving associated perinatal 
morbidity and mortality. We investigated, in a prospective study of 43 patients at high risk of intrauterine 
growth retardation, the predictive value of a derived glucose index and whether hypoglycemia 
accompanied by hypoinsulinemia in normotensive patients is associated with intrauterine growth 
retardation. Our findings suggest that the glucose index and 2-hour plasma glucose concentration appear 
to be useful antepartum predictors of intrauterine growth retardation in normotensive high-risk pregnancies. 
There is an apparent link between selective maternal hypoglycemia, hypoinsulinemia, and being small for 
gestational age. A “flat” glucose tolerance tes: should be regarded as an abnormal pattern in 
normotensive pregnancies as it was associated with a twentyfold increased risk of intrauterine growth 


retardation in this study. (AM J OBSTET GYNECOL 1986;155:711-6.) 


Key words: Hypoglycemia, hypoinsulinemia, oral glucose tolerance tests, glucose index, 


intrauterine growth retardation 


Intrauterine growth retardation accounts for in- 
creased perinatal morbidity and mortality. Early iden- 
tification of the growth-retarded fetus remains a key 
factor in affecting the most favorable ouzcome for the 
infant and mother. Although multiple risk factors are 
cited as possible causes of intrauterine growth retar- 
dation, many of the metabolic causes of this condition 
have not yet been established. The abilty to accurately 
predict which pregnancies are at risk for intrauterine 
growth retardation during the antepartum period is 
also lacking, resulting in more than 50% of fetuses with 
intrauterine growth retardation being diagnosed post 
partum. Changes in carbohydrate metabolism are 
known to be among the general physiologic adaptations 
during pregnancy. A high sustained peak of an oral 
glucose load has also been demonstrated,’ and an as- 
sociation between glucose metabolism and growth-re- 
tarded fetuses has been reported by several investiga- 
tors.’* However, the relationship among counter-reg- 
ulatory hormones (mainly human placental lactogen), 
insulin, and glucose in intrauterine growth retardation 
has not yet been fully defined and represents an im- 
portant research priority. To begin to investigate this 
relationship a longitudinal study was conducted in pa- 
tients at high risk for intrauterine growth retardation 
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by conventional risk factors. The hypothesis tested was 
that the presence of maternal hypoglycemia accom- 
panied by hypoinsulinemia in normotensive patients is 
associated with intrauterine growth retardation. In ad- 
dition, the predictive value of an oral glucose challenge : 
in pregnancies identified as at risk for intrauterin® 

growth retardation was examined. 


Methods and material 


A prospective study was conducted in 43 patients 
identified in the third trimester by conventional risk 
factors as being at high risk for intrauterine growth 
retardation during a 9-month period (September 1984 
to May 1985). Conventional risk factors included poor 
fundal growth and/or previous small for gestational age 
infant and/or maternal hypertension. Several of the 
patients were also drug abusers and/or heavy smokers 
during pregnancy. 

The study protocol included an oral glucose toler- 
ance test, measurement of plasma glucose, insulin, hu- 
man placental lactogen levels, and blood pressure, con- 
ventional antepartum and intrapartum management by 
the primary obstetric care providers, and assessment of 
neonatal outcome including evidence of growth retar- 
dation. To perform the oral] glucose tolerance test pa- 
tients were placed on a diet containing at least 250 gm 
of carbohydrate for 3 days before testing. After an 
overnight fast, each patient received a 100 gm oral 
glucose load (Glucola). Fasting I-, 2-, 3-, and 4-hour 
blood samples were obtained and analyzed for plasma 
glucose concentration by the glucose oxidase method 
on a Beckman glucose analyzer. Plasma insulin was as- 
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Table I. Clinical characteristics of study groups 












Group 1: 
Normotensive and small 


for gestational age 

Gestation at oral glucose 34.5 + 3.4 

‘tolerance test (wk) 
Gestation at delivery (wk) 38.7 + 1.9 
Birth weight (gm) 2343 + 240 
APgar score 
' I min ASET 
. 5 min 8.1 + 2.6 
Total patients 13 


sayed by radioimmunoassay with the single-antibody 
technique and the plasma human placental lactogen 
level was determined by radioimmunoassay with the 
solid phase antibody technique. All laboratory tests 
were performed in a blinded manner as to the blood 
pressure and clinical status of the patient. 

To evaluate glucose metabolic performance an index 
was developed, which was defined as the summation of 
glucose values minus the fasting value at each hour of 
the oral glucose tolerance test. The glucose index can 
be represented as: GI = XPGi — FPG, where GI = 
glucose index, PGi = first, second, third, and fourth 
post-glucose load values, and FPG = fasting plasma 
glucose. : 

Blood pressure was measured on at least three oc- 


*-swasions. Hypertension was defined as blood pressure 


> 140/90 mm Hg on two occasions, 6 hours apart. 
Small for gestational age was defined as birth weight 
below the tenth percentile for a given gestational age 
according to Denver classification. Gestational age was 
determined by a neonatologist using the Dubowitz 
scores. | 
- For most of the analyses the patients were classified 
into one of three groups on the basis of antepartum 
maternal blood pressure (normotensive or hyperten- 
sive) and neonatal outcome (appropriate for gestational 
age or small for gestational age). The three groups 
were: group 1, normotensive and small for gestational 
age; group 2, hypertensive and small for gestational 
age; group 3, appropriate for gestational age. 
Univariate, bivariate, and selected multivariate sta- 
tistical analyses were performed. Both parametric (x’, 
Student’s ¢ test) and non-parametric (Fisher’s exact test 
ard Scheffe’s S test) tests were used as indicated. Since 
the data were trichotomized into groups, analysis of 
variance was applied to identify between- and within- 
group differences. 


Results 

The frequency of the conventional risk factors used 
for identification of the 43 patients were: 25 (58%) with 
poor fundal growth, .17 (40%) with hypertension, six 
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Group 2: 
Hypertenstve and small 
for gestational age 


Group 3: 
Appropriate for 


gestational age 


33.0 + 4.7 35.3 + 2.9 
38.0 + 3.4 39.0 + 5.9 
9198 + 647 . 3101 + 659 
6.8 + 1.6 8.3 + 0.7 
8.6 + 0.5 9.0 + 0.5 
zi 93 


(14%) with previous small for gestational age infant, 
five (12%) with drug abuse, and three (7%) with heavy 
smoking during pregnancy. Of the 43 patients 20 (47%) 
had small for gestational age infants and 23 (53%) had 
appropriate for gestational age infants. When these re- 
sults were combined with maternal blood pressure re- 
sults, the patients were distributed into three a priori 
groups as follows: group 1 (normotensive and small for 
gestational age), 13 (30%); group 2 (hypertensive and 
small for gestational age), seven (16%); and group 3 
(appropriate for gestational age), 23 (53%). 

A comparison of selected clinical characteristics of 
the three groups including gestational age at oral glu- 
cose tolerance test and delivery and 2- anc 5-minute 
Apgar scores revealed no statistically significant differ- 
ences (Table I). The disparity among groups with re- 
spect to mean birth weight reflects the pei poscsuli clas- 
sification of neonates by size for dates. 

The results of the oral glucose tolerance test, E 

index, insulin, and human placental lactogen values 
were compared among the three groups. Ir. Fig. 1 the 
mean + SEM plasma glucose levels are plotted by 
group and hour. Although the values for groups 2 
(small for gestational age and hypertensive) and 3 (ap- 
propriate for gestational age) are similar, those for the 
group 1 (small for gestational age and normotensive) 
patients are significantly lower (p < 0.001) at each cor- 
responding hour, being 119 + 23 mg/dl at 1 hour, 
95 + 20 mg/dl at 2 hours, 87 + 20 mg/dl at 3 hours, 
and 70 + 21 mg/dl at 4 hours. 
. A comparison of the human placental lactogen values 
at all sampling intervals revealed significantly lower val- 
ues for the hypertensive and small for ges-ational age 
patients (group 2) compared with groups 1 and 3 (Fig. 
2). Very low human placental lactogen values (<10% 
for gestational age) were obtained only in the two 
groups with small for gestational age infarcts. 

Insulin values were found to be significantly lower 
at 1, 2, and 3 hours after the glucose load in group 1 
(normotensive and small for gestational age) patients 
when compared with the other patients (Fig. 3). 

To assess the predictive potential of the derived glu- 
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Fig. 1. Distribution of oral glucose tolerance test results 
(mean + SEM) by study group. SGA = Small for gestational 
age; HTN = hypertensive; AGA = appropriate for gesta- 
tional age. 
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Fig. 2. Distribution of human placental lactogen results 
(mean + SEM) in blood samples for oral glucose tolerance 
tests by study group. SGA = Small for gestational age; 
HTN = hypertensive; AGA = appropriate for gestational age. 


Table II. Prevalence of small for gestational age by selected risk factors and associated relative risks 





| Frequency 





Risk factor 

Hypertension 4() 7 
Previous small for gesta- l4 6 
~ tional age 
Poor fundal growth 58 25 
Drug abuse 12 5 
Miscellaneous fi 3 
Glucose index (105 mg/dl) 35 15 
2-hour plasma glucose 28 12 

(106 mg/dl) 
Total cases 45 

.*p < 0.05. 

tp < 0.01. 


cose index on these patients at high risk for intrauterine 
growth retardation a regression of infant birth weight 
percentile by gestational age and glucose index: was 
performed. The glucose index was significantly cor- 
related for the entire group (r = 0.48, p <0. 001); 
when group 2 (hypertensive and small for gestational 
age) patients were excluded the contribution by the 
glucose index was even more significant with r = 0. 61, 
p < 0.0001.. 

To further examine the association of test results with 
intrauterine growth retardation the relative risks as- 
sociated with selected risk factors and abnormal test 
results were determined (Table II). Increased risks for 
intrauterine growth retardation were found for poor 
fundal growth, an zbnormal glucose index, and 2-hour 
plasma glucose level. The relative risks for small for 
gestational age given an abnormal glucose index and a 
2-hour plasma glucose level reflect a tenfold and twen- 


i tyfold increased risk, respectively. 













Incidence of small for 
gestational age in 
patients with risk 


Relative risk of small 
for gestational age 
with and without risk 














factor (%) factor 
4l 0.7 
33 0.5 
60 3.9* l 
60 1.5 | 
33 l 0.6 
87 19.57 
83 10.5t 
20 


The potential value of the oral glucose tolerance test 
as an antepartum clinical parameter to predict intra- 
uterine growth retardation in high-risk patients was 
examined by calculating the sensitivity, specificity, and 
predictive values associated with the 2-hour plasma glu- 
cose level and the glucose index (Table III and Fig. 4). 
A comparison of the calculated glucose index by pa- 
tients in all three groups demonstrated that the value 
of <105 mg/dl discriminated the normotensive and 
small for gestational age group from the other two 
groups with a 65% sensitivity, 91% specificity, and 87% 
positive predictive value. A 2-hour plasma glucose 
value of <106 mg/dl was not as predictive as the glucose 
index of intrauterine growth retardation. In contrast, 
when the seven hypertensive small for gestational age 
patients (group 2) were excluded from the sample the 
corresponding sensitivity and the negative predictive 
value of the glucose index were improved and the spec- 
ificity and positive predictive value remained consis- 
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Fig. 3. Distribution of insulin results (mean + SEM) in blood samples for oral glucose tolerance tests 
by study group. SGA = Small for gestational age; HTN = hypertensive; AGA = appropriate for 


gestational age. 


Table III. Glucose index and 2-hour plasma glucose as predictors of intrauterine growth retardation 


Sensitivity 


(%) 





. Groups 1, 2, and 3 (n = 43): 


Hypertensive and normotensive, 
small for gestational age and 
approximate for gestational 
„age 
Glucose index <105 mg/dl 65 
2-hour plasma glucose 50 


Å <106 mg/dl 
Bone l and 3 (n = 36): 


Normotensive, 
small for gestational age and 
approximate for gestational 


age 
Glucose index <105 mg/dl _ 93 
2-hour plasma glucose 17 
<106 mg/dl i 


Table IV. Three patterns of metabolic characteristics 











Plasma 
glucose 


Group | (normotensive and | Low 
small for gestational age) 


Group 2 (hypertensive and Normal 
small for gestational age) 
Group 3 (approximate for Normal 


gestational age) 


+ 


tently high. The same pattern was observed for the 
2-hour glucose levels as sensitivity increased to 77% and 
negative predictive value to 88% (Table II). 


Comment 

A key finding in this study is that small for gestational 
age infants of normotensive mothers are significantly 
related to maternal glucose metabolism while small for 


Predictive value 


Specificity Positive Negative 
(%) (%) (%) 
91 87 75 
9] 83 68 
91 ' 86 95 
9] 83 88 






Human 





placental 

lactogen Insulin 
Normal Low 
Low Normal 
Normal Normal 


gestational age infants of hypertensive mothers had no 
association with glucose metabolism as measured by a 
4-hour oral glucose tolerance test. The results further 
support three distinct patterns of metabolic character- 
istics in the high risk mothers studied (Table IV). 
The profiles and other results suggest that the an- 
tepartum prediction of intrauterine growth retardation 
may be refined by interpretation of routine maternal | 
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blood pressure readings and oral glucose tolerance test 
results, when indicated, for the workup of potential 
diabetic pregnancies. Thus we recommend that preg- 
nant normotensive patients at increased risk for intra- 
uterine growth retardation be evaluated with an oral 
glucose tolerance test. If an oral glucose tolerance test 
is performed a glucose index should be calculated. If 
the index is <105 mg/dl this may provide a clinical 
marker to predict intrauterine growth retardation. 

Previous studies on the relationship of glucose me- 
tabolism to small for gestational age fetuses were based 
on women who had been screened because of risk fac- 
tors for gestational diabetes.” * Although results of the 
glucose tolerance test theoretically excluded those pa- 
tients with diabetes from the sample the possibility ex- 
ists that these patients were still at greater risk of having 
larger babies when compared with patients not at in- 
creased risk of gestational diabetes and/or with a history 
of a previous large infant. This could introduce a se- 
rious selection bias in the sample. Another concern with 
previous studies is the failure to separately analyze hy- 
pertensive and normotensive mothers with respect to 
carbohydrate metabolism and neonatal outcome. This 
stratification to test for differences is essential given the 
potential disparate etiologic factors. _ 

The changed hormonal milieu of pregnancy, partic- 
ularly with respect to human placental lactogen, has 
been suggested to be antagonistic to insulin because of 
an Increase in resistance of peripheral tissue to the ac- 
tion of insulin.* Both could explain the raised glucose 
and insulin levels during pregnancy. Human placental 
lactogen has been cited as a means by which placental 
function can be assessed. Low levels of this hormone 
were associated with an increased incidence of intra- 
uterine growth retardation.®*’ This is in agreement with 
our findings of low human placental lactogen values in 
40% of the pregnancies complicated with intrauterine 
growth retardation and that all of the low human pla- 
cental lactogen values (<10% for gestational age) oc- 
curred in the two groups of patients with small for 
gestational age fetuses. An unexpected finding was the 
low level of human placental lactogen in the hyperten- 
sive and small for gestational age group in the presence 
of normal glucose tolerance test and insulin levels. This 
is consistent with a placental cause of intrauterine 
growth retardation in this group of patients, as has been 
demonstrated in some animal models.’ 

Clearly no simple relationship exists between plasma 
glucose concentration and insulin values. Stimulation 
of insulin secretion after glucose ingestion is well rec- 
ognized.? Reaven and Olefsky’® demonstrated that in 
normoglycemic individuals the glucose tolerance test 
pattern included a rise to a peak in 1 hour and then 
renormalization at 3 hours. Several investigators have 
„hypothesized that the hypoglycemia is due to a rela- 
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Fig. 4. Distribution of patients by glucose index and study 
group. SGA = Small for gestational age; HTN = hyperten- 
sive; AGA = appropriate for gestational age. 


tively hyperinsulinemic state.” * Our data did not con- 
firm this hypothesis as the relative maternal hypogly- 
cemia was accompanied with hypoinsulinemia in the 
normotensive and small for gestational age group com- 
pared with plasma glucose and insulin concentrations 
in the small for gestational age and hypertensive group 
and the appropriate for gestational age group. Future 
work is needed to elicit specific mechanisms involved 
in the glucose-insulin interactions in gravid and non- 
gravid women. For example, the potential role of re- 
ceptor defects is not known. It has, however, been sug- 
gested that when the plasma insulin response to glucose 
becomes relatively flat the insulin-dependent intracel- 
lular process will become markedly attenuated and a 
postreceptor defect in insulin may be manifest." 

The effect of maternal hyperglycemia on fetal 
growth is well established in pregnant diabetic women.” 
It results in increased delivery of glucose to the fetus 
and leads to fetal hyperinsulinemia. Thus relative ma- 
ternal hypoglycemia would lead to fetal hypoglycemia 
and hypoinsulinemia. Since insulin is believed to be the 
fetal growth hormone, in some patients low insulin 
levels could hypothetically predispose the fetus to re- 
tarded growth.’* * This concept has already been sup- 
ported by several studies where the association between 
maternal hypoglycemia and intrauterine growth retar- 
dation has been demonstrated in humans?“ " and an- 
imal models.* ° i 

In summary, our findings suggest that there is an 
apparent link in normotensive high-risk pregnant 
women between relative maternal hypoglycemia, hy- 
poinsulinemia, and small for gestational age. In addi- 
tion, a “flat” glucose tolerance test should be regarded 
as an abnormal pattern during pregnancy since it is 
associated with a twentyfold increase for intrauterine 
growth retardation in normotensive patients. Fhe glu- 
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cose index and 2-hour plasma glucose concentration ` ` 
also appear to be useful antepartum predictors of in- - 


trauterine growth retardation in normotensive high- 
risk pregnancies. The routine screening of all third- 
trimester patients with a glucose load provides the data 
needed to identify the normotensive patient at risk for 
intrauterine growth retardation. Continuation of this 
research to further examine and to ascertain the causes 
of the relative hypoglycemia-hypoinsulinemia in rela- 
tion to other counterregulatory hormones and major 
nutrients is needed. 
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Capillary blood glucose screening for gestational diabetes: A ` 


preliminary investigation 


Mark B. Landon, M.D., George S. Cembrowski, M.D., Ph.D., and Steven G. Gabbe, M.D. 


Philadelphia, Pennsylvania 


Horne glucose monitoring with the use of reflectance meters is an important adjunct in the care of 
pregnant women with insulin-dependent diabetes. The accuracy of reflectance meters for the assay of 
capillary glucose specimens has been well documented. The present preliminary study was undertaken to 
determine the utility of outpatient screening for gestational diabetes mellitus with the use of a reflectance 
meter (Accu-Chek, Boehringer Mannheim Cc.), One hundred twenty-five patients in our high-risk practice 
had a standard 50 gm glucose load at 26 to 28 weeks’ gestation. Capillary glucose values were measured 
on site with the Accu-Chek. Venous plasma glucose levels were measured by the central laboratory 
chemistry analyzer. ‘While the laboratory (x) and meter (y) glucose determinations between the two sets of 
values were highly correlated (R = 0.89, p < 0.001), there was a significant difference in their average 
values (x = 111.74, y = 136.35, p < 0.0001). With the use of a receiver operator characteristic curve, a 
meter value of 160 mg/di was determined as the optimal threshold for performing a 3-hour glucose 
tolerance test. The sensitivity and specificity with the use of a meter value of 160 mg/dl were 93% and 
96%, respectively, for detecting an abnormal screening test in venous plasma (=135 mg/dl). A total of 32 
glucose tolerance tests were performed, with four patients included who had venous values <135 mg/dl. 
All eight patients with gestational diabetes mellitus were correctly identified. These data suggest that a 
glucose reflectance meter can be used for accurate outpatient screening of gestational diabetes mellitus. 
The potential advantages of capillary blood glucose screening include both cost and efficiency. Patients 
with abnormal screening values can be promptly identified and scheduled for a follow-up 3-hour glucose 


tolerance test. (Am J OBsteT GynecoL 1986;155:717-21.) 


Key words: Gestational diabetes, diabetes screening, glucose reflectance meter 


The detection of patients with gestational diabetes, 
a state of carbohydrate intolerance of variable severity 
with onset or first recognition during pregnancy, rep- 
resents an important diagnostic challenge. Gestational 
diabetes mellitus complicates between 1% and 5% of 
all pregnancies.' The incidence of this disorder varies 
with the population studied and the criteria used to 
establish the diagnosis.*° Use of widespread screening 
programs to identify patients with gestational diabetes 
mellitus has resulted in perinatal mortality rates for 
affected pregnancies that are similar to those in the 
normal population.* Nonetheless, delay in diagnosis 
and treatment is common. Failure to recognize gesta- 
tional diabetes can be associated with an tncreased fetal 
death rate and greater perinatal morbidity.*° Further- 
more, patients with gestational diabetes mellitus are at 
increased risk for the onset of overt diabetes in later 
life.’ Thus establishing the diagnosis of gestational di- 
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abetes mellitus is important not only for perinatal out- 
come but also for the future health of the mother. 

The summary statement of the recently convened 
Second International Workshop Conference on Ges- 
tational Diabetes recommends that all pregnant women 
be screened for carbohydrate intolerance,® yet many 
practitioners continue to rely on historical risk factors 
to screen subsets of patients at highest risk citing the 
prohibitive time and expense of universal screening. 
On the other hand, several studies have found that 
testing only “high-risk” patients or using arbitrary age 
cutoffs for screening has a sensitivity of approximately 
50%. 9 

During the past decade, self—glucose monitoring with 
the use of reflectance meters has become an important 
adjunct in the care of pregnant women with insulin- 
dependent diabetes. The accuracy of reflectance meters 
for the assay of capillary glucose specimens has been 
well documented and shown to be adequate for self 
monitoring.''' However, it has been suggested that 
capillary blood measurements with.the use of glucose 
oxidase—impregnated test strips are not sufficiently ac- 
curate for diagnostic purposes.* The present study was 
undertaken to examine this issue and specifically de- 
termine the utility of outpatient screening for gesta- 
tional diabetes with the use of a reflectance meter 
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Fig. 1. Regression curve demonstrating a highly significant linear association between capillary blood 
glucose concentration and laboratory plasma venous values obtained | hour after an oral 50 gm 


glucose load. 


Table I. Comparison of capillary blood and 
plasma venous glucose values 


Mean difference Mean difference 


Capillary range (%) (mg/dl) 
71-90 12.5 11.5 
C 91-110: 15.2 16.1 
l 111-130 12.3 13.2 
‘i 131-150 17.0 22.8 
. 151-170 14.8 21.7 
171-190 16.8 23.8 
o a >191 14.0 27.0 


xN 


(Accu-Chek, Boehringer-Mannheim Diagnostics, Bio- 
Dynamics Division). We have simplified the technique 
originally described by O’Sullivan et al.° and developed 
a program that facilitates screening all patients in a busy 
clinic setting. 


Methods 


During a period of 9 months, 125 consecutive pa- 
tients in our high-risk practice were screened for ges- 
tational diabetes mellitus with the use of a standard 50 
gm oral glucose challenge at 26 to 28 weeks’ gestation.’ 
This test was performed in either the fasting or the fed 
state. Precisely I hour after the oral glucose challenge, 
a capillary blood specimen was obtained by fingerstick. 
The Chemstrip bG test strip was incubated with cap- 
illary blood for 1 minute, and after an additional min- 
ute, a glucose determination was made with the Accu- 

- Chek reflectance meter. This assay was performed by 
a single trained nurse who calibrated the meter before 
each test procedure according to the manufacturer’s 
instructions. A venous blood sample was then promptly 
collected into a tube containing sodium fluoride and 
sent to the central chemistry laboratory for a plasma 
glucose determination. This assay was performed 
within 1 hour on a Kodak Ektachem-700, which uses 
the glucose oxidase method. 


Initially, only patients with a venous plasma glucose 
value of 2135 mg/dl were scheduled for a 3-hour 100 
gm oral glucose tolerance test.* After an optimal cap- 
illary cutoff value was established, the results of both 
screening techniques were used to select patients for 
follow-up glucose tolerance testing. The diagnosis of 
gestational diabetes mellitus was made according to the 
values recommended by the National Diabetes Data 
Group.’ 

Statistical analysis was performed with the use of lin- 
ear regression analysis, analysis of variance, and the 
receiver operator characteristic curve technique." The 
receiver operator characteristic curve technique was 
used to determine an optimal capillary blood glucose 
threshold for performing a 3-hour glucose tolerance 
test. 


Results 


Fig. 1 demonstrates a highly significant association 
between capillary blood glucose concentration and cen- 
tral laboratory plasma venous values (r = 0.89, p< 
0.001) obtained 1 hour after an oral 50 gm glucose 
load. Measurements of the fingerstick blood glucose 
level tend to be higher than the venous plasma glucose 
concentration. The equation capillary blood glucose = 
0.91 venous plasma + 34.6 was obtained with linear 
regression and describes the relationship between cap- 
illary and venous plasma blood glucose. 

The mean meter capillary value of 136.35 was found 
to be significantly higher than the mean laboratory ve- 
nous value of 111.74 (p < 0.001). The mean percent 
difference between the meter values and laboratory 
assay was 14.6. In a preliminary study, we found similar 
differences (12%) in reflectance meter determinations 
of venous samples compared with reflectance meter 
readings of simultaneously obtained capillary speci- 
mens. The higher fingerstick values are more likely to 
reflect the greater glucose concentration of capillary, 
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Fig. 2. Receiver operator characteristic curve based on l-hour capillary blood glucose data. The 
screening test is considered positive if it corresponds to a reference plasma glucose value of at least 
135 mg/dl. A capillary value of 160 mg/dl represents the optimal reference point for performing 


a 3-hour glucose tolerance test. 


blood rather than methodologic differences in the two 
assays. The mean percent difference between the fin- 
gerstick and laboratory values is fairly constant over the 
range of values obtained with the reflectance meter 
(Table I). The absolute difference between the two 
techniques is approximately 25 mg/dl for values well 
into the hyperglycemic range (>150 mg/dl). 

We calculated the sensitivites and specifities for all 
values of the meter capillary blood glucose with the test 
results being categorized as positive if they corre- 
sponded to a reference plasma blood glucose value of 
at least 135 mg/dl.” Otherwise the results were classified 
as negative. We then constructed a receiver operator 
characteristic curve (Fig. 2) and plotted sensitivities ver- 
sus 1 — specificity (true positive rate versus false pos- 
itive rate). This technique provides a clear graphic anal- 
ysis of the performance of a diagnostic test over the 
entire range of potential cutoff values. The lower cutoff 
values, those at the right, while being the most sensitive, 
result in the greatest number of false positive results. 
Conversely, higher cutoff values decrease the sensitivity 
of the test while increasing the specificity. It is apparent 
from our data that a capillary value of 160 mg/dl rep- 
resents the optimal reference point for performing a 
3-hour glucose tolerance test. The sensitivity and spec- 
ificity with a meter cutoff value of 160 mg/dl were 93% 
and 96%, respectively, for an abnormal screening test 
on venous plasma (135 mg/dl). Twenty-eight of 32 
(88%) patients with a capillary value of =160 mg/dl 
were also found to have a plasma venous determination 
that exceeded 135 mg/dl. A negative capillary screen 
or fingerstick value <160 mg/dl was rarely associated 
with an abnormal plasma screening value. Ninety-one 
of 93 (98%) patients whose capillary value was <160 
mg/dl had a corresponding laboratory value <135 
mg/dl. 


Table II. Cost comparison of methods of 
screening for gestational diabetes in 1000 
patients 


Laboratory plasma | Capillary reflectance meter . 


$5.90 per assay $0.50 per assay 


x 1000.00 
$5900.00 


$500.00 
+150.00 (cost of meter) 
$650.00 


+ 384.00 (32 additional tests at a 


$1034.00 $12.00 per assay) 


Cost savings = $4866.00 or $4.86 per patient. 


A total of 32 follow-up glucose tolerance tests were 
performed, representing 26% of the population 
screened. Four patients had plasma venous values <135 
mg/d] and would have been falsely classified as poten- 
tially diabetic on the basis of the capillary value. While 
there were two false negative results by the capillary 
technique, both patients had plasma venous values be- 
tween 135 and 140 mg/dl. Their follow-up 3-hour glu- 
cose tolerance tests were normal. All eight patients with 
gestational diabetes mellitus, representing 6% of the 
study group, were correctly identified by abnormal cap- 
illary screening values. 

Comment 


Recent investigations have concluded that the peri- 
natal mortality rate in pregnancies complicated by ges- 
tational diabetes mellitus in women receiving optimum 
care is no greater than that observed in the general 
population.* '* The improved outcome for these pa- 
tients may be attributed in part to the use of widespread 
screening programs to detect diabetes during preg- 
nancy. It is apparent that universal screening for ges- 
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tational diabetes mellitus must precede management 
protocol aimed at minimizing neonatal morbidity and 
fetal death. o 

In this pilot study, we have screened 125 high-risk 
patients for gestational diabetes mellitus with the use 
of a standard 50 gm glucose load at 26 to 28 weeks’ 
gestation. A comparison of capillary glucose values with 
the use of a reflectance meter and plasma venous sam- 
ples demonstrates that a reflectance meter can be used 
for accurate outpatient screening. In our study, the 
sensitivity and specificity with the use of a meter cutoff 
value of 160 mg/dl would be 93% and 96%, respec- 
tively, when compared with a venous threshold of 135 
mg/dl. These percentages are based cn screening re- 
sults of 125 patients, including eight with gestational 
diabetes mellitus, a population that clearly needs to be 
expanded before capillary blood glucose screening can 
be recommended for widespread use. Importantly, we 
did observe that a negative capillary screen was rarely 
associated with an abnormal plasma screening value 
(false negative rate of 2.0%). Therefore the number of 
additional women who would fail to be identified as 
potentially diabetic with our method seems acceptable. 

The significant bias between capillary values and ve- 
nous plasma glucose determinations deserves further 
comment. In 123 of 125 patients tested, the capillary 
technique with the use of blood obtained by fingerstick 
overestimated the venous plasma glucose concentra- 


“ion. It is well known that capillary blood obtained from 


the finger or ear lobe is primarily arterial and does 
contain a higher glucose concentration than venous 


' specimens. It is also possible that in the patients being 


screened the insulin release that accompanies the inges- 
tion of a glucose load might enhance an arteriovenous 
difference. Glucose levels in plasma are generally 15% 
higher than those measured in whole blood.’ While 
whole blood glucose values vary inversely with hema- 
tocrit, plasma glucose values are nct affected by red 
blood cell concentration. Capillary blood when applied 
to a reagent strip forms an ultrafiltrate of plasma that 
contacts the glucose-oxidase reagent." It is unlikely 
therefore that differences in the hematocrits of venous 
or capillary blood samples would account for the higher 
capillary glucose values. These plasma-capillary con- 
centration differences were verified in a small study of 
meter determinations of venous samples and simulta- 
neous capillary specimens. The higher fingerstick mea- 
surements are more likely to reflect the true glucose 
concentration of capillary blood razher than method- 
ologic differences in the two assays. 

- In addition to diagnostic accuracy, any screening test 
must be analyzed. with respect to cost and efficiency. 
Capillary blood glucose screening with the use of a 
reflectance meter has the advantage of low cost and 
high efficiency when compared with a program using 
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plasma glucose assay in our institution is $5.90. Thus, 
if 1000 patients were to be tested, the patient cost with 
the use of venipuncture would be $5900.00 (Table IJ). 
Lavin"* reported that the true expense in his hospital, 
including the cost of supplies and personnel, was $4.75 
per assay. With a reflectance meter, each assay requires 
only a simple reagent strip that costs 50 cents. The price 
of the meter is $150.00; therefore the total cost of ana- 
lyzing 1000 capillary blood glucose values is $650.00, 
considerably less than the $5990.00 for use of the lab- 
oratory. While a 3.2% false positive rate will result in 
an additional 32 glucose tolerance tests per 1000 pa- 
tients evaluated, the theoretical cost savings of capillary 
glucose screening (Table II) remains substantial. This 
factor is important when one considers the recommen- 
dation for universal screening for gestational diabetes 
mellitus. In addition to cost savings, the assay results 
are immediately available so that patients with abnor- 
mal screening values are promptly identified and 
scheduled for a 3-hour oral glucose tolerance test. Thus 
delays in diagnosis and treatment, both of which may 
significantly affect pregnancy outcome, are avoided. 
We recognize that the training and the skill of office 
personnel who perform capillary determinations are 
critical factors that can influence the accuracy of the 
screening procedure described in this report. Adher- 
ence to the manufacturer’s guidelines for calibration, 
regular maintenance, and quality control are essential 
to assure quality analytical performance. In addition, 
a further bias may also be introduced if one attempts 
to compare plasma glucose determinations performed 
on different types of glucose analyzers. To compensate 
for this bias, it is strongly recommended that the re- 
ceiver operator characteristic curve approach described 
in this paper be used to establish an appropriate thresh- 
old for screening. | 
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Transabdominal and transvaginal endosonography: Evaluation 
of the cervix and lower uterine segment in pregnancy 
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The clinical value of conventional transabdominal and transvaginal sonography (endosonography) for the 
evaluation of the cervix and lower uterine segment between 14 and 36 weeks’ gestation was evaluated in 
20 unselected obstetric patients. Sonographic evaluation of the cervix and lower uterine segment was 
adequately depicted in 76% with the transabdominal technique compared to 83% with the transvaginal 


approach. According to set guidelines, these preliminary results suggest that the transvaginal technique 


may be superior in obtaining an adequate evaluation of the lower uterine segment and cervix and may 
offer an advantage of not depending on a fully distended bladder for evaluation. (Am J OBSTET GYNECOL 


1986;155:721-6.) 


Key words: Endosonography, lower uterine segment, cervix, pregnancy 


There are several published reports concerning the 
evaluation of the cervix by the transabdominal ap- 
proach.” To date, however, there are no published 
reports evaluating the cervix by a transvaginal endo- 
sonographic technique. Our preliminary experience 
with transvaginal sonography seemed to offer signifi- 
cant advantages to the transabdominal approach for 
sonographic evaluation of the lower uterine segment 
and cervix. In order to evaluate the advantages and 
limitations of the transvaginal approach in assessing the 
cervix and lower uterine segment, the transabdominal 
and the transvaginal techniques were compared relative 
to the findings on a standard digital examination. 
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Material and methods 


Twenty volunteer obstetric patients between the ges- 
tational ages of 14 and 36 weeks made up the study 
group. The criteria for selection into the study were as 
follows: voluntary participation, documented gesta- 
tional ages between 14 and 36 weeks, intact amniotic 
membranes, no active bleeding, and no active labor or 
cervical dilatation >4 cm on entry into the study. So- 
nographic evaluation was scheduled at four intervals 
during the gestation: first, between 14 and 18 weeks, 
gestation; second, 19 to 25 weeks; third, 26 to 31 weeks, 
and fourth, 32 to 36 weeks. At each sonographic eval- 
uation, the patient was instructed to fill the bladder and 
an evaluation was performed transabdominally in the 
supine position and transvaginally in the lithotomy po- 
sition. After voiding, the patient again underwent a 
transvaginal and transabdominal evaluation. After the 
sonographic evaluations, a digital examination was per- 
formed in the conventional manner with the cervical 
dilatation and effacement recorded along with a de- 
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Fig. 1. A, Diagrammatic representation of a standard midline 
sagittal view for the transabdominal technique. B, Sonogram 
corresponding to A showing the urine-filled bladder and nor- 
mal cervix. 


scription of the lower uterine segment. The lower uter- 
ine segment was described as ballooning, funneling, or 
neither. After delivery, the length of gestation at the 
time of delivery and the neonatal outcome were re- 
corded. 

Sonography was performed primarily in the outpa- 
tient area and at the time patients were scheduled for 
their routine appointments. A Johnson and Johnson 


280 S/L (Imray, New Jersey) scanner, with the use of 


the real-time sector and a 3.5 or a 5 MHz end-fire 
transducer, was used. The 3.5 MHz transducer was 
used to perform the transabdominal evaluation, and 
the 5 MHz transducer covered with an Aquasonic gel- 
filled latex glove was inserted approximately 2.5 cm into 
the vagina for the transvaginal evaluation. There was 
no contact with the cervix but rather with the anterior 
fornix, which along with the closed vaginal vault pro- 
vided an adequate acoustic window. 

The first of two views obtained was a long-axis view 
of the cervix and lower uterine segment performed 
transabdominally just above the symphysis pubis in the 
maternal midline (Fig. 1, A). A scan presenting the 
cervix is shown (Fig. 1, B). 
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Fig. 2. A, Diagrammatic representation of a standard trans- 
verse view for the transabdominal technique. B, Normal un- 
dilated cervix. C, Dilated cervix (2 cm dilatation). 


In the second view (Fig. 2, A), the transducer was 
rotated 90 degrees to obtain the transverse view of the 
cervix. Scans presenting an undilated cervix (Fig. 2, B) 
and a dilated cervix (Fig. 2, C) are shown. 

Measurements of the cervix were obtained as shown 
in Fig. 3, A and B. The level of the internal os was 
confirmed by the transverse course of the uterine ar- 
teries (Fig. 3, B). 
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Fig. 3. A, Indicates the points of measurement used to obtain 
the length and width of the cervix in the midline sagittal view. 
Relationships of uterine arteries to the cervix are also indi- 
cated. B, Cervical dilatation is measured in the transverse view. 


TRANSVERSE VIEW 


The transvaginal technique was performed with in- 
sertion of the transducer 2.5 cm into the vagina in the 
longitudinal plane (Fig. 4, A and B). The transducer 
was rotated 90 degrees to visualize a transverse diam- 
eter of the cervix (Fig. 5, A and B) at the level of the 


internal os, again located by the transverse course of 


the uterine vessels (Fig. 3, B). 

The lower uterine segment was evaluated with the 
long-axis view by the transabdominal and transvaginal 
techniques. It was described as YUV with the configu- 
ration of the lower uterine segment having the ap- 
pearance of a Y in the normal configuration (Fig. 6, 
A); a U when it was ballooned (Fig. 6, B); and a con- 
figuration of a V when it was funneled (Fig. 6, C). 

For the purpose of the study, a total of eight views, 
namely, four prevoid and four postvoid views, were the 
subject of evaluation. Measurements of the cervical 
length and dilatation and the lower uterine segment 
were performed by a staff sonologist (G.A.T.), without 
knowledge of the digital examination. Measurements 
were performed on the eight views with points of ref- 
erence standardized after mutual agreement by the 
principal investigator and the staff sonologist (Fig. 3, 
A and B). An adequate evaluation of the cervix required 
the ability to obtain the views indicated in Fig. 3, A and 
B, and an adequate evaluation of the lower uterine 
segment required the ability to obtain the view listed 
in Fig. 6, A, 6, B, or 6, C. 


Results 


Twenty volunteer obstetric patients underwent 43 
“sonographic evaluations of the cervix and lower uterine 
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TRANSUAGINAL 





Fig. 4. A, Diagrammatic representation of a standard midline 
sagittal view for the transvaginal technique. B, Sonogram cor- 
responding to A showing the relationship of the partially filled 
bladder to the cervix. Note the sonolucent endocervical canal. 


segment in pregnancy. Of the 43 evaluations, 31 (76%) 
by the transabdominal technique and 36 (83%) by the 
transvaginal technique were adequate for assessment 
of cervical dilatation, length, and width. Evaluation of 
the lower uterine segment for ballooning or funneling 
was adequate for assessment in 34 (79%) transabdom- 
inally and 28 (65%) transvaginally. An adequate eval- 
uation of the cervix and lower uterine segment trans- 
abdominally was more dependent on bladder filling 
than the transvaginal technique (Table I). 

The adequacy of sonography to evaluate the cervix 
decreased as the length of gestation increased (Table 
I). When these sonograms were then compared with 
results of digital examination in early gestation, there 
was a high correlation between the transabdominal and 
the transvaginal techniques compared with the digital 
examination. After 26 weeks, there was a marked dis- 
parity in the accuracy of analyzable sonograms com- 
pared with the digital examination (Table II). Even 
though the transabdominal technique proved to be su- 
perior to the transvaginal technique in evaluating the 
lower uterine segment (79% transabdominal compared 
with 65% transvaginal), the transvaginal technique 
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Fig. 5. A, Diagrammatic representation of a standard trans- 
verse view for the transvaginal technique. B, Sonogram cor- 
responding to A. 
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Fig. 6A. Top, Diagrammatic representation of the normal Y 
shape of the lower uterine segment and cervix. Bottom, Sono- 
gram corresponding to top showing sagittal view. 


Table I. Sonograms that are adequate for interpretation by method 






No. of 
patients 





Weeks of gestation 





13-18 5 80 
19-25 14 76 
26-31 12 75 
32-36 13 61 
Average 72 


proved to be far superior in obtaining an adequate 
evaluation of the cervix by present guidelines for the 
following reasons: It was not dependent on bladder 
filling; it compared favorably with digital examination 
throughout gestation; it was more easily reproducible. 
There were no complications encountered with the use 
of either technique. 


Comment 


The digital examination has long been the “gold” 
standard for evaluating the cervix in pregnancy, es- 
pecially for preterm dilatation and effacement.’ It has 
the inherent variability given by examiners of different 


Transabdominal 
Prevoid (%) 







Transvaginal 


Prevoid (%) 






Postvoid (%) Postvoid (%) 


58 100 100 
oa 84 84 
62 83 83 
48 69 69 
99 83 83 


levels of expertise and experience. Real-time sonog- 
raphy has become a very important diagnostic tool in 
the evaluation of the obstetric patient with limited data 
accumulated on its usefulness in the evaluation of the 
cervix and lower uterine segment in pregnancy. With 
the advent of high-resolution ultrasound and the ver- 
satile end-fired sector transducers, adequate evaluation 
of the cervix and lower uterine segment in pregnancy 
is feasible. 

There has been a major study observing normal 
changes that occur in the cervix throughout pregnancy 
with the use of the digital examination.’ Even though 
there are numerous reports describing high-risk situ- 
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Fig. 6B. Top, Diagrammatic representation of the U shape of 
the ballooned lower uterine segment and cervix. Bottom, Sono- 
gram corresponding to top showing sagittal view. 
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Fig. 6C. Top, Diagrammatic representation of the V shape of 
the funneled lower uterine segment and cervix. Bottom, Sono- 
gram corresponding to top showing sagittal view. 


Table II. Sonograms that are adequate for interpretation that agree with digital examination 





Weeks of gestation 


No. of patients 





13-18 5 

15-25 14 

26-31 12 

32-36 13 
Average 


Transabdominal (%) 








Transvaginal (%) 





100 100 


90) 90 
66 90 
62 89 
79 92 





ations involving the cervix and lower uterine segment 
in pregnancy,'* to date, there is no published report of 
a systematic evaluation of the cervix and lower uterine 
segment throughout pregnancy with notation of the 
sonographic findings. The published data detailing the 
significance of bladder filling,’ measurements of the 
cervical length," * demonstration of cerclage material,’ 
and various attempts to depict preterm labor’ all deal 
with evaluations performed transabdominally. The re- 
sults of this study suggest that the transvaginal tech- 
nique may be superior to the transabdominal tech- 
nique. However, this is only a preliminary study with 
a small number of patients and repeat observations on 
the same patients were included as independent ob- 
servations for the statistical analysis. Therefore, a study 


with a larger number of patients is required to confirm 
our initial impression that the transvaginal technique 
has advantages over the current approach. 

The role of this transvaginal evaluation of the cervix 
has not been clearly defined but could affect our man- 
agement of preterm cervical dilatation that is due to 
labor and/or incompetence. 

Annually, in the United States, approximately 
250,000 preterm deliveries occur with 80% resulting 
from spontaneous labor and deliveries." These deliv- 
eries account for 75% of neonatal deaths not due to 
congenital anomalies.” To date, only 10% to 20% of 
patients with spontaneous preterm labor have the di- 
agnosis made early enough to become candidates for 
long-term delay of delivery.* We envision that trans- 


s 
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vaginal sonographic assessment of the lower uterine 
‘segment and cervix may contribute to decreasing this 
complication. Transvaginal sonography could be per- 
formed in those patients who are at risk of preterm 
delivery or when digital examination is suggestive of 


an abnormality. 


In conclusion, sonographic evaluation of the cervix 
and lower uterine segment in pregnancy is feasible. 
From this initial experience, we believe that further 
prospective evaluation of the transvaginal technique for 
detection of clinically suspected or occult cervical 
change that may predate preterm labor is warranted. 


We express our thanks to Bronna Scoggins and Mon- 
ica Harper for assistance in the preparation of this 
manuscript. We also thank Bonnie Norman for dia- 


grams and John Bobbitt for photography. 
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Intrapartum assessment of fetal well-being: A comparison of 


.~ fetal acoustic stimulation with acid-base determinations 
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Many authorities advocate the use of fetal blood sampling as the final arbiter of abnormal intrapartum fetal 
heart rate patterns. Alternatively, the presence of an acceleratory fetal heart rate response to scalp 
stimulation during fetal scalp blood sampling led to the observation that, if present, the likelihood of 
acidosis was remote. Consequently a prospective intrapartum analysis of evoked accelerations and fetal 
acid-base status was undertaken. Patients who, on the basis of abnormal fetal heart rate patterns, were 
judged candidates for acid-base assessment underwent transabdominal acoustic stimulation. The 
presence or absence of an acceleration was then determined. Sixty-four patients with abnormal 
intrapartum fetal heart rate patterns underwent intrapartum acoustic stimulation. Thirty fetuses were 
reactive and all had a pH of =7.25. Of the 34 fetuses who were nonreactive, 18 were acidotic. This 
preliminary observation suggests that acoustic stimulation may be a reasonable clinical alternative to fetal 
blood sampling when a reactive pattern is observed. In the nonreactive fetuses additional evaluation would 


appear warranted. (Am J Osstet GYNECOL 1986;155:726-8.) 
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The presence of abnormal intrapartum fetal heart 


rate (FHR) patterns merits additional investigation of 
fetal well-being. The final arbiter is frequently held to 
be the fetal scalp capillary blood pH."* At times, per- 
formance of fetal blood sampling is precluded by ob- 
stetric factors such as an undilated cervix or intact 
membranes or may be associated with an undesirable 
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Table I. Type of FHR abnormality and 
response that required assessment of fetal 
acid-base status 







Response 
to acoustic 
stimulation 
FHR abnormality 





Intermittent late decelerations 20 60 
Severe variable decelerations 14 50 
Absent variability 12 33 
Tachycardia 11 55 
Repetitive late decelerations 7 0 
Total 64 100 





delay in obtaining a result. Similarly, as the technique 
is cumbersome and invasive and the potential for me- 
chanical and laboratory error exists, the search for an 
alternative method of assessment continues. The pres- 
ence of fetal heart accelerations is a commonly accepted 
indicator of fetal well-being.* * Furthermore, acceler- 
ations evoked by a variety of stimuli appear to be as 
reliable as those occurring spontaneously.” ° 

Similarly acoustic stimulation with an electronic ar- 
tificial larynx has proved effective in the reduction of 
nonreactive nonstress tests in both retrospective and 
prospective investigations.” * Earlier Clark et al.° ob- 
served that a 15 bpm, 15-second accceleration evoked 
by digital pressure or pinching of the fetal scalp was 
associated with the absence of acidosis in subsequent 
fetal scalp sampling. Consequently we began an inves- 
tigation comparing acoustically evoked accelerations of 
the fetal heart rate (FHR) with fetal acid-base status. 


Material and methods 


Patients whose FHR monitor tracings were suffi- 
ciently abnormal to merit either fetal blood sampling 
or immediate cesarean delivery for fetal distress were 
considered candidates for this investigation. Immedi- 
ately before fetal blood sampling with the patient in 
the dorsal lithotomy position, transabdominal acoustic 
stimulation of the fetus was accomplished by a Model 
5C electronic artificial larynx (Western Electric). The 
electronic artificial larynx produces a vibratory acoustic 
stimulus of approximately 80 Hz (range 20 to 9000) 
and 82 db, measured at | m in air. The stimulus was 
applied overlying the fetal vertex for <3 seconds. The 
response was termed reactive if an immediate accel- 
eration of 15 bpm and 15 seconds was evident. If a 
qualifying acceleration was not present, the stimulus 
was repeated at l-minute intervals for a maximum of 
three times. Fetal scalp sampling was then accomplished 
by existing clinical protocol. 

In 15 instances where scalp sampling was not pos- 
sible, immediate cesarean delivery was performed. In 
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Table II. Comparison of fetal pH and , a 


response to acoustic stimulation 





Fetal pH 







FHR response 


Reactive 0 0 30 100 
Nonreactive 18 53 16 47 :] 





Table III. Comparison of FHR response to s 
Ee, ; } ; l 
acoustic stimulation and scalp stimulation a 













FHR response Scalp stimulation ` 

to acoustic 5 
stimulation i 
Reactive 12 0 A 
Nonreactive 5 8 ; 

4 

all cases, the fetus was delivered within 15 minutes of q 
the stimulus. The arithmetic mean of the umbilical ar- 
terial and venous pH determinations was calculated. . A 
- . 

a 

Results A 
During the study period, a total of 64 patients were . 


entered into this investigation. For these patients, the 
primary indication for fetal scalp sampling is listed "e a 
Table I. Where multiple indications existed, the on 
judged most ominous was identified as the primary | 
indication. Table II demonstrates the relationship be- i 
tween a reactive FHR response and the fetal pH. As j 
can readily be seen, no fetus who responded to the 4 
vibratory acoustic stimulation was subsequently found 
to have a pH <7.25. ; 
In 25 patients, the presence or absence of a FHR Š 
response to fetal blood sampling was observed and 
Table III outlines this relationship. Every fetus that 
responded to the latter stimulus also responded to the ; 
scalp puncture. Alternatively, five fetuses who failed to ' 
respond to the acoustic stimulation did respond to the i 
scalp puncture. The pH values in these five were as E 
follows: 7.25, 7.37, 7.27, 7.30, and 7.24. i 


Comment 


The presence of a normal intrapartum FHR tracing 
is associated with an almost universally good outcome f A 
as measured by Apgar score and acid-base determi- | 
nation. Alternatively, ominous FHR patterns are not 
uniformly associated with acidosis.* '° This point is fur- 
ther illustrated by Clark et al.,° who found an acidotic 
pH (<7.20) in only nine of 28 fetuses whose indication y 
for fetal scalp sampling were late decelerations. Con- 
sequently, the appearance of an abnormal FHR pattern 
merits some additional method of assessment. Com- 
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‘monly this has been fetal scalp sampling. However, 
the technique of fetal scalp blood sampling is invasive 
and rarely required; because the possibility of error 
exists, investigators have searched for an equally reli- 
able, more simple, and less invasive method of fetal 
assessment.’ 

The present investigation, although preliminary, of- 
fers a potential new method of discriminating abnormal 
FHR patterns. No fetus demonstrating an acceleration 
in response to the “stimulus” was discovered to be aci- 
dotic. Of greater significance is that the fetal pH in all 
cases was in excess of 7.25. This value is higher than 
reported with scalp stimulation. In their preliminary 
observations, Clark et al.* reported that with scalp punc- 
ture followed by an acceleration no fetus had a pH of 
<7.20. In a follow-up report, this relationship ap- 
peared to remain consistent.” It would appear that a 
larger number of fetuses will respond to more intense 
stimuli such as scalp puncture, digital pressure, or 
pinching. 

This concept is supported by the present investiga- 
tion where we observed five additional patients who 
„responded to scalp puncture but failed to respond to 
the vibratory acoustic stimulus. As the scalp puncture 
is a more intense stimulus, it is possible that a higher 
level of cortical function is necessary to produce a re- 
sponse to the vibratory acoustic stimulus. It is evident 


ad Pa nat the precise pathway of FHR acceleration after 


acoustic stimulation awaits discovery. 

Although fetal acoustic stimulation appears to iden- 
tify the normal fetus, it is only 50% accurate in iden- 
tifying the acidotic fetus. These data are similar to the 
investigations with the use of scalp stimulation dis- 
cussed above.® ° It is likely that this limitation will not 
be a significant clinical problem. 

The incidence of cesarean delivery for fetal distress 
in most obstetric services is 1% to 2%." If a fetus re- 
sponds to the acoustic stimulation, one could reduce 
the need for scalp sampling by at least 50%. Of those 
fetuses who fail to respond, half will be acidotic and 
thereby potentially benefit from cesarean delivery. The 
other 50%, representing only 25% of the fetuses with 
an abnormal heart rate, remain. A matter of great in- 
terest is the management of this population. Fetal blood 
sampling or fetal scalp stimulation may be reasonable 
approaches. Alternatively, proceeding directly to ce- 
sarean delivery cannot be shown by existing data to be 
unreasonable. 

Reasons for the observation that 50% of fetuses who 
fail to respond are nonacidotic are speculative. Increas- 
ing the intensity of the stimulus or decreasing the fre- 
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quency may reduce the number of nonresponders. 
However, this may be accomplished at the expense of 
evoking a response in the acidotic fetus. A final con- 
sideration may be the effect of the administration of 
maternal medication. Jensen’ reported a blunted re- 
sponse to acoustic stimulation after administration of 
pethidine (a synthetic narcotic) to the mother. Studies 
to address the effects of narcotic administration on 
acoustically evoked FHR changes in the normal fetus 
are currently underway. 

In summary, we have demonstrated an inexpensive, 
noninvasive, yet effective test of fetal well-being. Within 
the limits of the size of our study population, an ac- 
celeratory response to this vibratory acoustic stimulus 
is associated with a nonacidotic fetal pH. If additional 
investigation confirms this relationship, the periodic 
use of this method in the fetus with an abnormal FHR 
pattern should reduce the incidence of fetal scalp sam- 
pling by 50%. Finally the fetus who fails to respond to 
acoustic stimulation should, in our opinion, be consid- 
ered for cesarean delivery. 
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LETS YOU EVALUATE 


UTEROPLACENTAL PERFUSION BY SPECTRUM 
ANALYSIS OF UMBILICAL AND MATERNAL 
UTERINE ARTERY DOPPLER WAVEFORMS 


CLINICAL RESULTS'* SHOW THAT YOU CAN: 


e DETECT JUGR FROM 20 WEEKS IN 
SINGLETON PREGNANCIES AND 30 WEEKS 
IN TWIN PREGNANCIES 


e USE UTERINE ARTERY WAVEFORMS IN 
THE MANAGEMENT OF MATERNAL 
PREECLAMPSIA 


e USE UMBILICAL ARTERY VELOCITY 
WAVEFORMS IN THE MANAGEMENT OF 
DIABETIC PREGNANCIES j 


Umbilical and uterine artery waveforms are easily obtained 
from early pregnancy on. Low power continuous wave 
Doppler spectrum analysis is used in a simple test to 
measure the peripheral resistance in the placental circula- 
tion. This resistance is measured by taking the ratio of the 
systolic to diastolic (S/D) velocity. The S/D rati 
compared to established normal values to determine the 
presence of abnormal resistance. 





UMBILICAL ARTERY CAL ARTERY m ` ; 
— The Model 500A” automatically computes the systolic to 


diastolic ratio as well as resistance and pulsatility indices. 
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OBSTETRICIANS/ 
GYNECOLOGISTS 


Mercy Hospital, a 350-bed teaching hos- 
pital, is seeking a Board Eligible/Board 
Certified Obstetrician/Gynecologist to 
join an established high-volume practice. 
This is an excellent opportunity offering an 
attractive practice package, including 
malpractice insurance. 


For further details about this exciting prac- 
tice opportunity, please contact or forward 
C.V. to: 


Wendy Tossell 
Physician Development Coordinator 
Mercy Hospital 
2200 Jefferson Avenue 
Toledo, Ohio 43624 
(419) 259-1504 
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the midwest. Board eligible/certified in re- 
productive endocrinology. University fac- 
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for research and development of a com- 
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gram. Send C.V. to: 


John Jones 
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Flint, MI 48502 








BC/BE Obstetricians 


South Texas Community Hospital will 
assist start-up of two Obstetricians. 
Excellent opportunity to assume mul- 
tiple county practice. Local population 
18,000. Near Gulf Coast. Adjacent 
Naval Base. Other specialty support 
available. 
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Richard S. Foster, M.D. 
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Obstetrics and Gynecology, E. A. Conway 
Memorial Hospital in Monroe, LA. 
Academic rank negotiable with training 
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residency program affiliated with LSU 
School of Medicine in Shreveport. All ap- 
plicants should be medically licensed in 
Louisiana or eligible for medical license in 
Louisiana. Teaching experience and 
demonstrated research accomplishments 
are desirable. Send curriculum vitae and 
bibliography to: 

Dale Dunnihoo, M.D., Ph.D. 
Professor and Director 
Obstetrics and Gynecology 
E. A. Conway Memorial Hospital 
4801 South Grand St. 
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Complete coverage— 
and minimal vaginal leakage! 
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3 DISPOSABLE APPLICATORS 


Patient convenience and satisfaction— 
for enhanced compliance! 


"In non-pregnant patients, 3-day treatment is recommended. Treatment 
may be extended an additional 3 days, if necessary: 


. Droegemueller W, Adamson DG, Brown D et al: Three-day treatment 
with butoconazole nitrate for vulvovaginal candidiasis. Obstet Gynecol 
64:530-534, 1984. 


Please see brief summary of prescribing information on next page. 


The Only 3-Day Cream 





42A 


Think 


vaginal cream 2.0% 


~~ Kemstat 


(outoconazole nitrate) 
The Only 3-Day Cream 


Brief Summary 


INDICATIONS: 
FEMSTAT®(butoconazole nitrate) vaginal cream 2.0% 


is indicated for local treatment of vulvovaginal mycot- 


ic infections caused by Candida species. Confirm the 
diagnosis by KOH smears and/or cultures. FEMSTAT 


can be used with oral contraceptives and antibiotics. 


It is effective in non-pregnant women and during the 
second and third trimesters of pregnancy. 
CONTRAINDICATIONS: 

FEMSTAT is contraindicated in patients hypersensitive 
to any of the ingredients. 

PRECAUTIONS: 

General: 

lf clinical symptoms persist, repeat microbiological 
tests to rule out other pathogens and confirm the 


diagnosis. Discontinue drug if sensitization or irrita- 


tion occurs. 


Information for the Patient: 
Do not discontinue prematurely during menstruation 
or because of symptomatic relief. 


Carcinogenesis: 
Animal studies have not been done. 


Mutagenesis: 
Mutagenicity studies were negative. 


Impairment of Fertility: 
Animal studies showed no impairment of fertility. 


Pregnancy Category C: 

Adverse effects were noted in animals treated with 
high oral doses. No studies were done in women 
during first trimester. Patients in the second or third 
trimester have shown no adverse effects attributable 
to the drug. 


Nursing Mothers: 
Use with caution. 


Pediatric Use: 
Safety and efficacy have not been established. 


ADVERSE REACTIONS: 


Vulvar/vaginal burning in 2.3% of patients, vulvar itch- 


ing in 09%, discharge, soreness, swelling, itching of 


fingers each in 0.2%. Complaints caused 1.6% to dis- 


continue drug. 


DOSAGE AND ADMINISTRATION: 
Non-pregnant Patients: The recommended dose is 
one applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days. Treatment 
can be extended for an additional three days if 
necessary. 


Pregnant Patients (second and third trimesters only): 
The recommended dose is one applicatorful of cream 
(approximately 5 grams) intravaginally at bedtime 
for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription. 
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Fetal heart rate responses to maternal exercise 


Raul Artal, M.D., Susan Rutherford, M.D., Yitzhak Romem, M.D., 
Rao K. Kammula, M.Sc., Fred J. Dorey, Ph.D., and Robert A. Wiswell, Ph.D. 


Los Angeles, California 


The fetal heart rate responses to mild, moderate, and strenuous maternal exercise were studied in 45 
healthy subjects. In the majority of cases, the fetal heart rate increased during and after maternal exercise. 
Fetal bradycardia was recorded in five fetuses; this appears to be a sporadic event. There was no 
correlation between the individual fetal heart responses, gestational age, exercise intensity, and maternal 
circulating catecholamines. (Am J OsBsTeET GYNECOL 1986;155:729-33.) 


Key words: Exercise in pregnancy, fetal heart rate responses to maternal stress 


Currently, many women are engaging in more stren- 
uous sports activities during their pregnancies and very 
little is known of the effect of such activities on the 
unborn fetus. Exercise induces significant cardiovas- 
cular changes, of which the selective redistribution of 
blood flow to the working muscles away from the vis- 
ceral organs has the most potential for adverse effects 
on the fetus. It is recognized that uterine blood flow 
could be compromised, as reported in both human and 
animal studies, although reports to the contrary have 
also been published.'* Reduction of blood flow to the 
uterus accompanied by maternal pulmonary adaptive 
changes could potentially lead to fetal hypoxia. To 
cause such changes, the catecholamine-mediated re- 
duction in uterine blood flow should be in excess of 
50%, and such circumstances may result, as demon- 
strated during laboratory conditions, in decreased oxy- 
gen tension and an increase in carbon dioxide tension 
(respiratory acidosis).‘ In the normal healthy pregnant 
woman, such occurrences should be encountered only 
rarely during mild and moderate exercise, but they are 
more likely to occur during strenuous and/or pro- 
longed exercise. These changes may affect the fetus 
and reflect in fetal heart rate (FHR) changes. Typical 
changes in FHR patterns are known to reflect hypoxic 
and nonhypoxic stress, hypoxia or asphyxia, and sym- 
pathetic and parasympathetic activity. The purpose of 
this study was to analyze the FHR responses to acute 
maternal exercise at different work loads and their re- 
lationship to maternal sympathoadrenal responses. 


From the Departments of Obstetrics and Gynecology and Physical 
Education and Exercise Sciences, University of Southern California 
School of Medicine and Women’s Hospital, Los Angeles County/ 
University of Southern California Medical Center. 

Supported in part by a grant from the California Medical Center 
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Reprint requests: Raul Artal, M.D., Women’s Hospital, Room 5K40, 
1240 North Mission Road, Los Angeles, CA 90033. 


Table I. Characteristics of subjects 
(mean + 1 SD) 


No. of subjects 15 15 15 
Gestational age 35.1414 34.7+1.3 34.1 + 2.0 
(wk) 


Weight (pounds) 151.5 + 13.1 146.1 + 4.4 143.3 + 2.8 





Material and methods 


This study was approved by the Institutional Review 
Board; informed consents were obtained from all sub- 
jects. A total of 45 healthy subjects with uncomplicated 
pregnancies were entered into an acute exercise study. 
Table I summarizes a few characteristics of the subjects 
who entered the study. 

Based on intake interview, most of the subjects who 
entered the study were found to be moderately fit with 
the mild exercise group slightly less fit. The study pro- 
tocols were similar; only the exercise work loads were 
different. The subjects were randomly assigned to the 
different exercise groups. Before the exercise all sub- 
jects were placed in a semisupine position for a control 
and monitoring period of 30 minutes. Then the sub- 
jects exercised on a motorized treadmill. The mild ex- 
ercise consisted of a 15-minute walk at a constant speed 
of 2 mph (energy utilization of approximately 2.3 to 
3.0 MET). One MET is the equivalent of the resting 
oxygen consumption (VO,) which is approximately 3.5 
ml/kg/min. The MET level during exercise is deter- 
mined by dividing the exercise metabolic rate, repre- 
sented by the exercise VO,, by the resting metabolic 
rate, represented by the resting VO,. The moderate 
exercise included a 15-minute walk at a speed of 2 mph 
with the treadmill gradient elevated to a 10% incline 
(energy utilization of approximately 5 to 6 MET). The 
strenuous exercise included a symptom-limited maxi- 
mal oxygen consumption (VO, max) test during which 
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Table II. Results of study (mean + | SEM) 







FHR (A bpm) 97% 2.7 
Mean arterial pressure* (A mm Hg) 5.2 & 2:9 
Heart ratet (A bpm) 10.3 + 3.4 
Oxygen consumption? (L/min) 0.68 + 0.02 
Plasma norepinephrine? (A pg/ml) 492.1 + 100 
Plasma epinephrine? (A pg/ml) 46 + 40 
Plasma glucose} (A mg/100 ml) =T & Ba 
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IST = 25 6.6 + 3.0 NS 
ILO 2.23 18.0.2 2.2 0.001 
52.6 + 6.4 80.2 + 5.6 0.001 
1.15 & 007 1.78 = 0.1 0.001 
654 + 134 1775 + 158 0.05 

DI 2:25 78.7 + 24 NS 
~§.8°% 3.7 0.01 = 3.7 NS 





A = Absolute change. 


*Based on analysis of variance between absolute changes from preexercise baseline to first 5-minute postexercise values of the 


three groups. 
+ Maternal. 


the speed of the treadmill was maintained at 2.5 mph 
and the treadmill gradient was elevated by 2% every 
minute until the subjects reached exhaustion (energy 
utilization of approximately 7 to 9 MET). To reach VO, 
max, the subjects exercised for a mean of 7.5 minutes. 
Each exercise session was followed by a 30-minute mon- 
itored recovery period, again in the semi-Fowler posi- 
tion. Several variables were intermittently monitored 
` throughout the experiments: maternal heart rate, ma- 
ternal arterial blood pressure, and FHR. Whenever 
technically feasible, the FHRs were also recorded dur- 
ing exercise with either a Corometrics 115 or a Hewlett- 
Packard 8040-A cardiotocograph. Accepted methods 
for antepartum FHR testing were used.’ Fetal well- 
being was ascertained prior to and after exercise by a 
reactive nonstress test. Fetal movements were corrob- 
orated by both subject and observer and then recorded 
on the strip chart. A reactive pattern required the pres- 
ence of two accelerations of >15 bpm and 15 seconds’ 
duration associated with fetal movement during a 20- 
minute period. During the exercise, the subjects 
breathed into an open-circuit continuous gas sampling 
system. Mixed expired oxygen and carbon dioxide were 
analyzed with a Beckman “Metabolic Cart” unit. Blood 
samples were collected every 15 minutes from an in- 
dwelling catheter in an arm vein. Plasma norepineph- 
rine and epinephrine were measured by a radioenzy- 
matic assay. Plasma glucose concentrations were de- 
termined by the glucose oxidase method on a Beckman 
glucose analyzer. Statistical analysis was done by paired 
t test and analysis of variance as indicated. 


Results 


The results of this study are summarized in Table 
II. All the results in this table except for oxygen con- 
sumption represent absolute change from the preex- 
ercise baseline steady state (mean + 1 SEM) to the first 
5-minute postexercise period. Table II includes a sta- 
tistical analysis of variance that compares the three 


groups. 


FHRs. All FHR tracings obtained before exercise in 
this study were reactive. 

For the purpose of analysis, the mean FHR baselines 
obtained before exercise were: with mild exercise, 
135 + 3.8 bpm; with moderate exercise, 138 + 1.36 
bpm; with strenuous exercise, 144 + 2.3 bpm. A paired 
t test was used to analyze statistical differences within 
each group in FHR changes from the baseline preex- 
ercise period to three intervals in the postexercise pe- 
riod (Figs. 1 to 3). The postexercise period was divided 
into three intervals: 5 minutes after exercise, 5 to 15 
minutes after exercise, and 15 to 30 minutes after ex- 
ercise. Within minutes of exercise, the FHR baselines 
increased significantly (p < 0.01) from the preexercise 
period and persisted beyond. At the end of exercise, 
the absolute FHR changes were those summarized in 
Table II. To account for individual variations and com- 
pare the three exercise groups, an analysis of variance 
was done. The analysis of variance compared the ab- 
solute changes from the preexercise baseline to the first 
5-minute postexercise values among the three groups. 
With exercise, the increase in FHR baseline was similar 
in the three groups irrespective of exercise intensity 
(Figs. 1 to 3). The only difference appeared to be a 
slower recovery to the preexercise baseline in the stren- 
uous exercise group. An analysis of the data found no 
association between the individual FHR responses and 
the gestational age (correlation coefficient 0.078); this 
could be due to the narrow range of gestational age 
tested. 

The incidence of FHR accelerations was similar be- 
fore and after exercise. No association could be found 
between the frequency and occurrence of FHR accel- 
erations and the intensity of maternal exercise. In the 
vast majority of cases, we were capable of recording 
FHR for at least a limited time during the exercise and 
continuously throughout the study in one third of the 
subjects. Moderate fetal bradycardia to 90 to 110 bpm 
for at least 2 minutes was recorded in five fetuses. We 
wish to emphasize that in all of these cases fetal brady- 
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Fig. 1. FHR responses to mild maternal exercise. 


cardia occurred very early during the exercise at a low- 
intensity work load and that fetal bradycardia persisted 
beyond the exercise period. The FHR tracings ap- 
peared continuous during and immediately after ex- 
ercise. Since the FHR tracings were obtained with the 
new generation of FHR monitors that use autocorre- 
lation methods, the tracings could be erroneous arti- 
facts and reflect periodic movements associated with 
exercise. As such, only those tracings that offered con- 
tinuity from the exercise period into the recovery pe- 
riod were considered as real, and in one such case the 
fetal bradycardia was also confirmed with real-time ul- 
trasound immediately after exercise. Three of the 
above cases were recorded during the initial phases and 
thereafter of strenuous exercise and have been previ- 
ously reported.” The two other cases were recorded 
during the initial stages of moderate exercise. In these 
five cases, with the cessation of exercise, the FHR re- 
covered within | to 3 minutes. This recovery was fol- 
lowed initially by fetal tachycardia of up to 190 bpm 
and then gradually a return to the preexercise pattern. 
In two cases, the FHR pattern was significantly less 
variable for 6 to 7 minutes and only then returned to 
the preexercise pattern. All 45 pregnancies were car- 
ried to term and on follow-up no complications were 
encountered during labor, delivery, or the neonatal 
period. 

Mean arterial blood pressure. The resting mean ar- 
terial blood pressures were similar in the groups stud- 
ied: mild exercise, 87.3 + 1.9 mm Hg; moderate ex- 
ercise, 84.5 + 2.0 mm Hg; and strenuous exercise, 
86.2 + 2.4 mm Hg. With exercise, the mean arterial 
blood pressures increased significantly (p < 0.001) and 
the increments were related to the intensity of the work 
load. 

Maternal heart rate. The resting heart rates were 
similar in the three groups: mild exercise, 76.6 + 1.8 
bpm; moderate exercise, 75.9 + 2.2 bpm; and stren- 
uous exercise, 77.3 + 2.0 bpm. The heart rates, as ex- 
pected, increased significantly with the increase in work 
Joad (Table II). 
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Fig. 2. FHR responses to moderate maternal exercise. 


r żŁ 1S0 
FHR bpm * * p<0.01 
240 * p<0.05 





EXERCISE 


Fig. 3. FHR responses to strenuous (VO, max) maternal ex- 
ercise. 


Oxygen consumption (VO,). At rest, VO, values 
were comparable in all patients studied: mild exercise, 
0.28 + 0.02 L/min; moderate exercise, 0.38 + 0.08 L/ 
min; and strenuous exercise, 0.38 + 0.08 L/min. At the 
peak of exercise, the increments in VO, were propor- 
tional to the exercise load (Table II). 

Norepinephrine. At rest, the plasma norepinephrine 
level varied significantly in the three groups studied 
(mild exercise, 519 + 123.6 pg/ml; moderate exercise, 
576 + 54 pg/ml; strenuous exercise, 369 + 43.1 pg/ 
ml). With exercise, norepinephrine doubled in the first 
two groups and increased fourfold in the strenuous 
exercise group (Table II). 

Epinephrine. The resting plasma epinephrine level, 
although varying significantly from one group to the 
other (mild exercise, 160 + 66 pg/ml; moderate ex- 
ercise, 191 + 63.6 pg/ml; and strenuous exercise, 
73 + 6.5 pg/ml), increased only insignificantly within 
each group with exercise. From a physiologic perspéc- 
tive, the differences in the resting values are minimal 
since short-time variability for epinephrine is very high. 

Glucose. Table II summarizes the exercise-induced 
changes in the plasma glucose level. These changes are 
minimal and not statistically significant. The resting 
plasma glucose levels were similar in the three groups 
(mild exercise, 92.2 + 5.8; moderate exercise, 96.1 + 
4.1; and strenuous exercise, 92.0 + 3.1). 





= a Se 2 i 














732° Artal et al. 


Series 


October 1986 
Am J Obstet Gynecol 





Type of 


exercise 


Hon and Mixed 34-41 Abdominal Master step 
Wohlgemuth” electrocar- test 
diogram 
Soiva et al.'° 24 Mixed 28-40 Phonocardi- Bicycle er- 
ograph gometer 
Hodr and 56 Mixed 29-36 Phonocardi- Master step 
Brotanek'! ograph test 
Stembera and 67 Mixed 38-40 Phonocardi- Master step 
Hodr" ograph test 
Pokorny and 14 Mixed 36-40 Phonocardi- Bicycle er- 
Rouse’! ograph gometer 
Pomerance 54 Normal 35-37 Auscultation Bicycle er- 
et al.” gometer 
Pernoll et al.” 16 Mixed 24-40 Doppler Bicycle er- 
ultrasound gometer 
Hauth et al." 7 Normal 28-38 Doppler Jogging 
ultrasound 
Collings et al.” 20 Normal 22-34 + Doppler Bicycle er- 
ultrasound gometer 
Clapp’ 6 Normal 20-32 Doppler Treadmill 
ultrasound 
Artal et al., 15 Normal naM e A o Doppler Treadmill 
present study ultrasound 
Artal et al., 15 Normal $4.7 +1.33 Doppler Treadmill 
present study ultrasound 
Artal et al., 15 Normal 54:1 + 2.0 Doppler Treadmill 
present study ultrasound 
f , Increase in FHR baseline; =, minimum or no change in FHR; ts bradycardia. 
*Mean + 1 SD. 
Comment 


Examination of FHR patterns provides a noninvasive 
feedback as to fetal condition and response to maternal 
exercise. Maternal exercise is associated with a signifi- 
cant increase in circulating catecholamines and results, 
most probably, in visceral vasoconstriction. Because of 
a high concentration of enzymes (carboxymethyltrans- 
ferase and monoamine oxidase), the placenta metab- 
olizes the catecholamines very efficiently and, under 
normal conditions, only 10% to 15% of the catechol- 
amines in maternal circulation reach the fetus. Elevated 
catecholamine levels could have a constrictive effect on 
the uterine and umbilical blood flow. The combined 
effect of reduced blood flow to the uterus and vaso- 
constriction secondary to elevated catecholamines 
could lead to relative fetal hypoxia and bradycardia. 
Such a possibility is more than a theoretical consider- 
ation, but it is not currently known how often it occurs. 
Such responses to maternal exercise have been previ- 
ously studied. Initially, it was shown by Hon and 
Wohlgemuth* to result in a decrease in uteroplacental 
blood flow similar to that seen in pathologic states such 
as preeclampsia. Emmanouilides et al.’ measured ar- 
terial blood pressure, heart rate, and blood pH, Po,, 
and Pco, in fetal lambs and found responses to be 
similar to maternal ones. A decrease in fetal Po, was 
noted during exercise and afterward there was an in- 


crease in fetal pH and a decrease in PCO, associated 
with maternal respiratory alkalosis. 

It appears that the healthy fetus can tolerate brief 
periods of hypoxia, such as those that may occur during 
limited periods of maternal exericse. Initially, in the 
experimental model, the fetus will respond to such 
events with tachycardia and an increase in blood pres- 
sure. This appears to be a protective mechanism to 
facilitate circulation of blood. Increased umbilical blood 
flow has been shown in experimental animals to result 
in increased fetal oxygen delivery. 

The most plausible explanation for the fetal brady- 
cardia in such instances, in the presence of a healthy 
fetus, is a sustained vagal reflex, secondary to major 
blood volume shifts in both mother and fetus. Another 
possibility is cord compression. 

In Table III, we have summarized the published lit- 
erature on fetal heart rate responses to maternal ex- 
ercise. Because of the different methodology used in 
these studies, comparison and interpretation of the 
data must be done with great caution. Nevertheless, it 
appears that, by and large, the FHR response to ma- 
ternal exercise is associated with an increase of ap- 
proximately 10 to 30 bpm. Our present study indicates 
that such changes are consistent and are independent 
of either gestational age or intensity of maternal ex- 
ercise. i 
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To date, published data on FHR responses to ma- 
ternal exercise include 368 subjects. In 24 subjects, fetal 
bradycardia was reported to occur during or after ex- 
ercise, an incidence of 6.5%. While half of the subjects 
who experienced bradycardia had an abnormal preg- 
nancy (pregnancy-induced hypertension and prema- 
ture labor), the other 11 subjects were normal. 

Recording of FHR during exercise is technically very 
difficult. Nevertheless, there are a few reports of such 
recordings.” '™'* By and large, the recordings obtained 
during exercise indicate an increase in FHR baseline 
over the preexercise values. In 84 recorded cases dur- 
ing exercise, fetal bradycardia was observed in only 
nine cases (an incidence of 10.7%). In eight of the nine 
cases the patients were normal and successfully com- 
pleted their pregnancies. Certainly with more studies 
these figures could change significantly one way or an- 
other. 

In summary, it appears very likely that a reduction 
in uterine blood flow could be caused by an elevated 
circulating norepinephrine level and lead to brief pe- 
riods of fetal hypoxia, which generally are well toler- 
ated by the majority of fetuses. The initial response is 
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tachycardia; occasionally, with prolonged hypoxia and 
sustained vagal stimulation, bradycardia could result.” 
Another possibilty is that such occurrences are within 
the realm of normal fetal adaptive responses to major 
maternal hemodynamic and hormonal events. This lat- 
ter proposed mechanism could elucidate those cases in 
which fetal bradycardia occurs as soon as the subject 
begins to exercise. 

Further studies must be done to understand these 
complex interactions. Monitoring the interactions be- 
tween mother and fetus during and after maternal ex- 
ercise not only could serve as a research tool but also 
could be incorporated as a clinical aid for fetal sur- 
veillance to expose fetuses at risk. 
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Use of the Greenfield filter for thromboembolic disease 


in pregnancy 


Charles H. Hux, M.D., Ronald J. Wapner, M.D., Benjamin Chayen, M.D., 
Pawan Rattan, M.D., Bruce Jarrell, M.D., and Lazar Greenfield, M.D. 


Philadelphia, Pennsylvania, and Richmond, Virginia 


Recent technical advances in surgical intervention for thromboembolic disease have made the Greenfield 
filter a safe and effective treatment when heparin is contraindicated or recurrent emboli develop. One 
successful use of Greenfield filter placement in pregnancy has been reported. We report six additional 
cases. Maternal morbidity was negligible, and fetal outcomes were good. The use of the Greenfield filter 
as an adjunctive therapy for treatment of severe thromboembolic disease in pregnancy appears to be safe 
and should be considered in appropriate candidates. (AM J OBSTET GYNECOL 1986;155:734-7.) 


Key words: Thromboembolic disease, Greenfield filter, surgical intervention 


Nearly half of all maternal mortality can be attributed 
to thromboembolic disease.” The standard treatment 
for thromboembolic disease during pregnancy is hep- 
arin.'* When contraindications to, or complications 
from, heparin develop, an alternative treatment regi- 
men is needed.'* Since the early 1970s, transvenous 
devices have been used for vena caval interruption to 
prevent development of pulmonary emboli in non- 
pregnant patients with thromboembolic disease.* ° The 
Greenfield filter is one of the most frequently used 
devices." ° However, only one case of its placement dur- 
ing pregnancy has been reported.®° 

We report the indications and efficacy for use of the 
Greenfield filter in six additional cases. 


Patient group 


Five patients had a Greenfield filter placed during 
pregnancy and one was placed post partum between 
1973 and 1985. The cases were reviewed retrospec- 
tively. 

The patients ranged in age from 21 to 41 years. Five 
patients had the filters placed between the fifth and 
eighth months of pregnancy and one patient had filter 
placement on the third day post partum. All patients 
had a previous history of thromboembolic disease and 
were initially on a regimen of heparin therapy. Each 
patient developed either complications to heparin ther- 
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apy or recurrent disease while receiving adequate 
therapy, which necessitated an alternative method of 
treatment. 


Case presentations 


Case 1. A 22-year-old black woman, gravida 2, para 
1-0-0-1, had a history of deep vein thrombophlebitis of 
the right leg during her first pregnancy. During her 
second pregnancy she was placed on a regimen of pro- 
phylactic subcutaneous heparin therpay of 5000 units 
every 12 hours. At the thirty-second week of gestation 
she developed acute deep vein thrombophlebitis of 
both legs and was fully anticoagulated with intravenous 
heparin. After 7 days of intravenous heparin she de- 
veloped thrombocytopenia with a platelet count drop- 
ping as low as 54,000/mm*. Venography demonstrated 
thrombi within the vena cava extending above the renal 
veins (Fig. 1). A Greenfield filter was placed via the 
jugular vein without difficulty to just above the renal 
veins. Labor was induced at 34 to 35 weeks’ gestation. 
She had a vaginal delivery of an infant with a mild 
respiratory distress syndrome, which resolved with no 
long-term morbidity. The maternal course has been 
uneventful during the 7 months since delivery. 

Case 2. A 41-year-old black woman, gravida 6, para 
4-0-1-4, with a history of deep vein thrombophlebitis 
in her previous pregnancy, was receiving subcutaneous 
heparin, 5000 units every 12 hours. At 26 weeks’ ges- 
tation she developed deep vein thrombophlebitis in the 
left thigh. After 3 days of intravenous heparin, she 
developed a pulmonary embolus confirmed by pul- 
monary angiography. Venography was not performed. 
A Greenfield filter was placed via the femoral vein with 
no difficulty. The pregnancy continued uneventfully 
and resulted in the birth of a term neonate with a good 
outcome. A 4-year follow-up has revealed no recurrent 
deep vein thrombophlebitis or venous stasis. 

Case 3. A 33-year-old white woman, gravida 3, para 
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Fig. 1. Venogram from Case 1 illustrating thrombi in the 
vena Cava extending to above the renal veins. 


2-0-0-2, with a history of deep vein thrombophlebitis 


during her first pregnancy was receiving 5000 units of 


subcutaneous heparin every 12 hours. At 22 weeks’ 
gestation she developed bilateral deep vein thrombo- 
phlebitis of the lower extremities. The diagnosis was 
confirmed with the use of Doppler ultrasound and 
she was placed on a regimen of intravenous heparin. 
She subsequently had major gastrointestinal bleed- 
ing requiring transfusion. Venography demonstrated 
thrombi in the vena cava between the femoral and renal 
veins. A Greenfield filter was placed via the jugular vein 
with no difficulty. The patient presented in premature 
labor with fetal distress and was delivered by cesarean 
section at 35 weeks’ gestation of an appropriate for 
gestational age fetus who had a mild course of respi- 
ratory distress syndrome with no long-term morbidity. 
No recurrrent deep vein thrombophlebitis or venous 
stasis has been noted in a 2¥2-year follow-up. The pa- 
tient has had a subsequent pregnancy while receiving 
5000 units of subcutaneous heparin every 12 hours and 
was delivered at term with no recurrent disease and a 
good fetal outcome. 

Case 4. A 21-year-old white woman, gravida 1, para 
0, developed bilateral deep vein thrombophlebitis at 34 
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Fig. 2. Greenfield filter in place above the renal veins. 


weeks’ gestation and was placed on a regimen of full 
anticoagulation with intravenous heparin. She was de- 
livered of a term fetus without complications and was 
maintained on a regimen of intravenous heparin after 
delivery. On the second postpartum day she developed 
fever to 102° F and acute onset of bilateral deep vein 
thrombophlebitis. Venography demonstrated thrombi 
in both femoral veins extending to the level of the com- 
mon iliacs. A Greenfield filter was placed on the third 
postpartum day through the jugular vein with no dif- 
ficulty. She has subsequently had two additional vaginal 
deliveries with the Greenfield filter in place and was 
treated with 5000 units of subcutaneous heparin every 
12 hours throughout the pregnancies. There was no 
recurrence of thromboembolic disease. 

Case 5. A 25-year-old woman, gravida 2, para 1-0- 
0-1, with a history of left deep vein thrombophlebitis 
in her first pregnancy was receiving 5000 units of sub- 
cutaneous heparin every 12 hours. At 32 weeks of ges- 
tation she developed deep vein thrombophlebitis in the 
left lower extremity. After 4 days of intravenous hep- 
arin she developed a documented pulmonary embolus. 
Venography demonstrated the presence of thrombi in 
the left femoral and iliac veins. A Greenfield filter was 
placed through the jugular vein with no difficulty. The 
patient was delivered by cesarean section because of 
failure of labor to progress at term. No recurrent dis- 
ease or venous stasis has been noted for the past 2 years. 

Case 6. A 32-year-old black woman, gravida 6, para 
5-0-0-5, had a history of right leg deep vein throm- 
bophlebitis while using oral contraceptives after deliv- 
ery of her fifth child. During her sixth pregnancy she 
was placed on a regimen of prophylactic subcutaneous 
heparin of 5000 units every 12 hours. At 22 weeks’ 
gestation, she developed bilateral deep vein thrombo- 
phlebitis with a positive Doppler ultrasound result. Af- 
ter 7 days of full anticoagulation with intravenous hep- 
arin, she developed acute shortness of breath. A di- 
agnosis of pulmonary embolus was made with a positive 
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Table I. Data summary 

















Location 
of thrombus 


Indications for 


Greenfield filter 


l Heparin-induced Vena cava to Jugular 
thrombocyto- above renal 
penia veins 

2 Pulmonary em- Not available Femoral 
bolus 

3 Gastrointestinal Vena cava to Jugular 
bleeding dur- below renal 
ing heparin veins 

4 Septic thrombosis Femoral veins Jugular 

5 Pulmonary em- Iliac veins Jugular 
bolus 

6 Pulmonary em- Iliac veins Jugular 
bolus 


Route of 
Greenfield filter 


placement 
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Gestational age 
at time 


Gestational age 
at time 





Route of 





of placement of delivery delivery 
33 wk 33 wk Vaginal 
26 wk Term Vaginal 
22 wk 35 wk Cesarean section 
(fetal distress) 
3 days post partum Term Vaginal 
32 wk Term Cesarean section 
(arrest of 
labor) 
25 wk Term Vaginal 





ventilation perfusion scan and pulmonary angiogra- 
phy. Venography showed bilateral femoral and left iliac 
thrombi. A Greenfield filter was placed via the jugular 
vein to above the renal veins with no difficulty. She was 
delivered of a healthy term newborn infant. A 3-year 
follow-up has demonstrated no recurrent disease or 
lower extremity stasis. 


Results 


A total of six patients had a Greenfield filter placed 
during pregnancy or in the immediate postpartum pe- 
riod. No technical difficulties in placement of the filter 
were encountered and no adverse effects of compres- 
sion from the gravid uterus were encountered in the 
six patients. Maternal outcomes and follow-up were all 
good. While two infants were born prematurely, all 
babies did well. Indications for use as well as route of 
placement are summarized in Table I. 


Comment 


Thromboembolic disease is a significant medical 
complication of pregnancy that requires aggressive di- 
agnosis and treatment. The standard treatment during 
pregnancy is heparin, as a prophylactic regimen for 
patients with a history of thromboembolic disease or 
intravenously because of active disease.'* Some patients 
while on full anticoagulation will develop pulmonary 
emboli or recurrent acute deep vein thrombophle- 
bitis,*° while others may develop contraindications to 
heparin such as thrombocytopenia’ or hemorrhage.” 
Recently Barss et al.* have described an 83% compli- 
cation of hemorrhage with heparin use during preg- 
nancy with 66% requiring transfusion. Since Coumadin 
is relatively contraindicated in pregnancy, these pa- 
tients become candidates for surgical intervention. 

The use of vena cava filters in the treatment of severe 
thromboembolic disease has replaced the need for 


vena caval ligation and embolectomy."** ° The Green- 
field filter (Fig. 2) has been favored over the Mobin- 
Uddin umbrella because of its excellent patency rate of 
97%.” © The Greenfield filter has low operative mor- 
bidity and mortality, maintains vena caval patency, and 
provides protection from pulmonary embolus.*"' 

Perforation of the vena cava by the Greenfield filter 
has been reported on several occasions." * '° '* In our 
two patients delivered by cesarean section the filter was 
noted to be within the vena cava with no noted trauma 
to the external wall of the vessel. 

The cases reviewed here indicate the role and safety 
for both mother and child of surgical intervention for 
thromboembolic disease in pregnancy. However, defin- 
itive indications and conclusions on safety await a larger 
study. 

In conclusion, use of the Greenfield filter as an ad- 
junctive therapy to heparin for treatment of severe 
thromboembolic disease in pregnancy appears to be 
safe. The gravid uterus does not hinder proper place- 
ment of the Greenfield filter. There was little significant 
maternal morbidity and good fetal outcomes were as- 
sociated with the filter’s use. Use of the Greenfield filter 
in pregnancy should be considered when deep vein 
thrombophlebitis or pulmonary embolus develops 
while heparin is administered. 
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Clinical Opinion 


Paraplegia and quadriplegia: Special considerations during 
pregnancy and labor and delivery 


Jeffrey S. Greenspoon, M.D., and Richard H. Paul, M.D. 


Los os Angeles California 


Patients with spinal cord injury resulting in paraplegia or quadriplegia increasingly desire to bear children. 
Management by a health care team attentive to the special problems that may complicate pregnancy 
offers the best chance for a successful pregnancy outcome. Life-threatening autonomic hyperreflexia may 
occur in patients with lesions above the T5-6 level. Precautions should be taken to avoid an unsupervised 
delivery. Vaginal delivery is appropriate unless there is an obstetric indication for cesarean section. 
Surveillance for urinary tract infection, anemia, and skin ulcers is advisable. (Am J OBSTET GYNECOL 


1986:155:738-41.) 


The improved survival of young women with spinal 
cord impairment or injuries and their desire to lead 
full lives, including childbearing and rearing, make it 
likely that obstetricians will be required to manage such 
pregnancies. Such patients present special problems 
that can be life-threatening during their pregnancies. 
Careful management can make pregnancy and delivery 
a much less hazardous venture. i 

A team'approach involving the patients primary 
physician, neurologist, rehabilitation personnel, obste- 
trician, anesthesiologist, and urologist is desirable. The 
delivery facility must be able to manage a patient who 
may require invasive hemodynamic (arterial blood 
pressure) monitoring. The neonatal unit must be able 
to provide care for a premature infant in the event of 
preterm delivery. 

Management of the patient includes: (1) the recog- 
nition and treatment of autonomic hyperreflexia, (2) 
the ability to support respiration in patients with cer- 
vical lesions, (3) the prevention of an unsupervised de- 
livery, (4) surveillance for urinary tract infections, (5) 
treatment of anemia if present, (6) skin care to prevent 
pressure ulcers, (7) maintenance of normal bowel func- 
tion, (8) counseling of the mother about the prognosis 
of her illness as well as the risk of inheritance if it is 
hereditary, and (9) contraception and sterilization. 
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The location of the neurological lesion determines 
the patient’s perception of labor. Donaldson’ divided 
patients into three groups: (1) In patients with a lesion 
below T-11, T-12, or L-1 (the uterine sensory affer- 
ents), labor pains will be perceived. (2) In those with a 
lesion in the midthorax, from T5-6 to T-10, labor will 
be painless, but the patient may be able to detect uterine 
contractions from other cues. Spasticity, flexor spasms, 
and spontaneous clonus will be aggravated by labor 
pains. (3) In patients with a lesion above T5-6 (above 
the level of splanchnic outflow), there is a high risk of 
autonomic hyperreflexia. 

Patients with lesions involving the cauda equina 
will have relaxed perineal muscles. All other patients 
will need sacral anesthesia of some type to relax the 
perineum. 

Autonomic hyperreflexia (also called autonomic dys- 
reflexia, autonomic stress syndrome, or the mass reflex) 
occurs when “afferent impulses, somatic and visceral 


_sensory, enter the isolated (spinal) cord and initiate seg- 


mental reflexes that are neither modulated nor inhib- 
ited by higher centers. The reflexes have to a great 
extent lost their local responses, and the reaction is 
massive rather than specific.” 

Autonomic hyperreflexia may be caused by several 
afferent stimuli that ascend the spinothalamic tracts or 
dorsal columns. These stimuli include urethral, blad- 
der, rectal, and cervical distension. In addition, uterine 
contractions, strong suprapubic bladder pressure, per- 
ineal manipulation during disimpaction or delivery, ex- 
cessive deep breathing, and immersion of feet in cold 
water may provoke this response.° 
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Autonomic hyperreflexia was described in 1917 and 
occurs in about 85% of patients with spinal lesions 
above the level of T5-6.* Its recognition and proper 
management mav be life-saving. As recently as 1980, 
Abbouleish® reported a case in which autonomic hy- 
perreflexia was mistaken for preeclampsia; fatal intra- 
cranial bleeding occurred in the mother. The case de- 
scribed in 1985 by McGregor and Meeuwsen’ may have 
been recognized only retrospectively because the usual 
management of intra-arterial blood pressure monitor- 
ing, conduction anesthesia, and short-acting parenteral 
antihypertensive medication was not done even though 
labor was induced electively. 

Ina patient at risk for autonomic hyperreflexia (those 
with lesions above the T-6 level), even the mild stimulus 
of changing a Foley catheter can provoke a dangerous 
episode. The use of a topical anesthetic on the catheter 
and urethral epithelium should minimize this problem. 

Obstruction of an indwelling catheter with distension 
of the urinary bladder may also trigger an episode of 
autonomic hyperreflexia. The patient, as well as all of 
those caring for the patient, should be advised of this. 

The signs and symptoms of autonomic hyperreflexia 
include acute hypertension mediated by peripheral and 
splanchnic vasoconstriction, with levels of 200 mm Hg 
systolic and 150 mm Hg diastolic commonly occurring. 
The acute hypertension stimulates aortic and carotid 
arch baroreceptors and causes vagus nerve—mediated 
bradycardia and sometimes arrhythmias. Diaphoresis 
and piloerection in the dermatomes above the cord 
lesion result from the increase in autonomic (both sym- 
pathetic and parasympathetic) tone. Nasal stuffiness, 
facial flushing, and pupillary dilation, which may be 
asymmetrical, occur. The acute hypertension is asso- 
ciated with a severe, pounding headache, intracranial 
hemorrhage, and coma and may lead to death. 

Autonomic hyperreflexia, when associated with labor 
and delivery, resolves quickly after delivery when nox- 
ious stimuli are removed. The persistence of hyperten- 
sion or symptoms of preeclampsia should cause the 
clinician to suspect preeclampsia even though the in- 
cidence of preeclampsia is not increased in spinal injury 
patients. 

Measures to decrease the morbidity of an episode of 
autonomic hyperreflexia include: (1) monitoring the 
patient with an intra-arterial catheter to obtain a con- 
tinuous blood pressure; (2) monitoring the cardiac 
rhythm continuously; (3) administration, as needed, of 
antihypertensive medication [the agent must have a 
rapid onset and offset of action; nitroprusside is prob- 
ably the agent of choice, although phentolamine, tri- 
methaphan (Arfonad), or nitroglycerin may be consid- 
ered”]; (4) continuous electronic monitoring of the fetus 
to identify fetal distress (excessive treatment of the 
mother with antihypertensive medication may cause 
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maternal hypotension, which may result in hypoper- 
fusion of the placenta and fetal distress); (5) use of 
epidural or spinal anesthesia (the exact method and 
drug used should be determined in consultation with 
the anesthesiologist during the antepartum course). 

The rapid release of catecholamines during an epl- 
sode of autonomic hyperreflexia is similar to that ob- 
served in the paroxysms of pheochromocytoma; thus 
there will be some similarities in the management of 
the hypertension. 

The patient with a high cervical spine lesion that 
impairs respiratory muscle function must have me- 
chanical support of ventilation immediately available.’ 
Patients with a lesion above T-10 may have an impaired 
cough reflex. Pulmonary function should be evalu- 
ated before conception to determine if the distended, 
gravid abdomen will cause excessive respiratory embar- 
rassment. 

Recently De Troyer et al. demonstrated that in quad- 
riplegic subjects the clavicular portion of the pectoralis 
major plays an important role in active expiration. They 
suggested that these patients might train this muscle 
bundle in an effort to improve the effectiveness of 
coughing and perhaps decrease the prevalence of bron- 
chopulmonary infections. The accompanying editorial 
comment emphasized the importance of serial mea- 
surement of vital capacity, which evaluates both inspi- 
ratory capacity and expiratory reserve volume. When 
vital capacity falls below 13 to 15 ml/kg of body weight, 
mechanical ventilation should be used.’? Although 
spine-Injured patients tend to have stable rather than 
progressive weakness, this situation could theoretically 
occur in a quadriplegic patient who becomes exhausted 
from a long labor. Pregnant patients afflicted by Guil- 
lain-Barré syndrome of myasthenia gravis are more 
likely to have deterioration of respiratory function and 
therefore must be evaluated serially. 

Delivery outside of the hospital may be prevented by 
weekly cervical examinations in the clinic beginning at 
28 weeks. If cervical effacement or dilation is detected, 
the patient and fetus may benefit from hospitalization 
in order to avoid an unattended delivery at home. This 
is especially important for the patient with a spinal le- 
sion above the T5-6 level who is at risk for autonomic 
hyperreflexia. 

The patient may be instructed in uterine palpation 
to detect contractions at home. The availability of port- 
able or home tokodynamometry may benefit these pa- 
tients. During labor, rapid progress may occur without 
patient awareness. Therefore frequent cervical exam- 
mations in labor are mandatory. 

Pelvic deformities, whether they be traumatic or de- 
velopmental, should be evaluated before conception by 
clinical pelvimetry. A severely contracted pelvis is a con- 
traindication to labor, but borderline cases deserve a 
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carefully monitored trial of labor. X-ray pelvimetry may 
be useful in determining whether a trial of labor is 
reasonable. 

Delivery is by the vaginal route unless there are ob- 
stetric indications for cesarean section. Rarely poor con- 
trol of autonomic hyperreflexia with medical and an- 


esthetic intervention may require rapid termination of 


labor by cesarean section. The patient and her spouse 
ought to be counseled during the antepartum course 
about the possible use of midforceps or vacuum ex- 
traction to shorten the second stage of labor if it seems 
desirable at that time. 

Urinary tract infection is a common complication of 
spine-injured patients. Maintaining a clean perineum 
will decrease the ascent of bacteria from the skin to the 
bladder. Adequate bladder drainage should be main- 
tained by whatever method best suits the individual. 
This may be by chronic suprapubic catheterization, 
chronic urethral catheterization, intermittent self-cath- 
eterization, reflex voiding by bladder tapping, or 
Credé’s method, if the residual remains <80 to 100 ml. 
The use of chronic suppression therapy such as 
methenamine mandelate with ascorbic acid or nitro- 
furantoin may be considered but will be useless if blad- 
der drainage is not achieved. The gravid uterus may 
cause ureteral compression, leading to increased stasis 
and thus increasing the risk of infection during preg- 
nancy. | 

Anemia should be evaluated in the usual manner. 
Iron deficiency is the most common cause. However, 


patients who are also being treated for chronic seizure | 


disorders with either phenytoin, phenobarbital, or 
primidone may be folate deficient.’ Folate levels should 
be measured routinely in these patients because the 


- patient may not show the classic macrocytic anemia. 


Chronic infections such as pyelonephritis or skin ulcers 
may cause the anemia of chronic disease, which will 


resolve only when the underlying infection is eradi- 


cated. Chronic renal failure, whether due to multiple 
episodes of. infection, obstruction, or nephrotoxic 
drugs, may be associated with an anemia of chronic 
disease that cannot be corrected. 

The prevention of skin ulcers is an essential, but 
sometimes overlooked, part of the care of these pa- 
tients. If pressure ulcers develop, they may cause the 
patient to be in a nutritionally catabolic state and can 
be a source of bacteremia. Care of an ulcer often re- 
quires the participation of a nutritional as well as a 
surgical team. In some facilities the enterostomy nurs- 
ing service provides care for decubitus ulcers. 

Bowel function is maintained in the same way as in 
the nonpregnant patient. The stool should be kept 
soft by use of a high-fiber diet and stool softeners. Meals 
should be served at the same time daily to promote a 
regular bowel program. 
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Patients with reflex activity in the pelvic floor (indi- 
cating intact bulbocavernosus and anal cutaneous re- 
flexes) may use the gastrocolic reflex in the following 
manner: After eating, a glycerin or bisacodyl suppos- 
itory is inserted against the rectal wall to stimulate peri- 
stalsis. Fifteen minutes later, a lubricated, gloved finger 
is inserted high into the rectum to stimulate reflex co- 
lonic activity. Patients with a flaccid anus (those with 
cauda equina lesions) and intact abdominal muscles 
may be atle to use abdominal straining to empty the 
colon. At times manual removal will be required. The 
use of a topical anesthetic is suggested during digital 
rectal evacuation in patients predisposed to autonomic 
hyperreflexia. 

The neurologically impaired patient deserves coun- 
seling before conception.”* The patient should under- 
stand her disease: whether the course 1s progressive or 
stable, whether her expected life-span is normal or 
likely to be shortened, and whether functional handi- 
caps will interfere with child-rearing. If she has other 
neurological handicaps, such as a hearing or visual loss, 
these should be evaluated to determine if they will in- 
terfere with her hearing a baby’s cry of distress or car- 
ing for the infant. Poorly controlled seizures may also 
interfere with her independently caring for an infant. 
Fortunately, most apparent difficulties can be overcome 
by motivated parents with adequate support from a 
rehabilitation service. The mother can practice han- 
dling a doll to determine how well she will manage. 

If the mother’s condition is congenital or hereditary 
and the fetus is at risk for inheritance of the condition, 
genetic counseling is mandatory before conception. Ul- 
trasound and amniocentesis for amniotic fluid a-feto- 
protein and/or chromosomes may be appropriate in 
cases such as spina bifida with neurological impairment. 

Future fertility should be discussed with the couple 
during the antepartum course. If the couple desires 
female sterilization, it may be done at the time of ce- 
sarean section (if the operation is required) or in the 
postpartum period. The same precautions as for labor 
should be taken at the time of a postpartum sterilization 
in a patient at risk of autonomic hyperreflexia. 

A team approach to the care of the patient with spinal 
cord injury with an emphasis on preventing and antic- 
ipating the common complications will decrease the 
morbidity of childbearing. 
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Teenage pregnancy: A multiracial sociologic problem 


Dorothy Reycroft Hollingsworth, M.D., and Marianne Felice, M.D. 


San Diego, Cahforma 


Teenage pregnancy is not an epidemic in the United States. Because this is an emotional topic that 
receives high-decibel publicity in the press and on television, we wish to present the most recent factual 
information available on the subject and a more balanced perspective of the problem for physicians and 
other health professionals who care for women at the youngest age of the reproductive spectrum. 
Pregnancy during adolescence is a multiethnic sociologic problem that crosses all socioeconomic, ethnic, 
cultural, and geographic boundaries. Pregnancies in teenagers are decreasing (except in teenagers under 
age 15), not accelerating. New approaches for premature adolescent pregnancy and childbearing focus an 
adolescent peer pressure for behavior modification, prevention of pregnancy at a younger age, 
continuation of secondary education, and job training for both adolescent fathers and mothers. (Am J 


OBsTET GYNECOL 1986;155:741-6.) 


Key words: Teenage pregnancy, multiethnic solutions 


Recent reports in national news magazines, in major 
newspapers, and on television have focused on the 
plight of the fractured black family in urban settings 
and the controversy concerning birth control clinics in 
public high schools. Teenage pregnancy has been and 
continues to be a symptom of the post-World War II 
baby boom and changes in our national sociologic and 
cultural patterns. The non—peer-reviewed accounts of 
premature adolescent pregnancy and parenthood in 
the press have provided a somewhat restricted and thus 
distorted view of teenage pregnancy. They do not re- 
lect the experience of professionals in the specialty of 
adolescent medicine throughout the nation as a whole. 
Early childbearing in adolescents aged 11 to 18 years 
in all sections of the United States is an indication of 
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changing patterns of sexual behavior in a multiethnic 
spectrum of teenagers in diverse social and economic 


groups. 


Sexual activity in teenagers 


Teenage pregnancy is not new to this century. In 
biblical times betrothals were arranged for girls at age 
13 to 14. On the basis of the mores of the times, it is 
estimated that the Virgin Mary gave birth between 14 
and 16 years of age. Later Shakespeare, in his play 
Romeo and Juliet, Act 1, Scene 1, described Juliet as not 
yet 14 years old. Moreover, her mother stated that she 
was younger than Juliet when she conceived Juliet. 
Shakespeare also aptly described the problems of ad- 
olescence in general in A Winter’s Tale, Act II, Scene‘3, 
when the shepherd complained: “I would there were 
no age between ten and three and twenty; or that youth 
would sleep out the rest; for there is nothing in the 
between but getting wenches with child, wronging the 
ancientry, stealing, fighting.” 

‘Teenage pregnancy in the United States is a socio- 
logic problem that spans all geographic areas and all 
racial groups. In less highly developed nations and in 
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Table I. Percent never-married teenage women living in metropolitan areas experiencing sexual 


intercourse, 1971, 1976, 1979, and 1982 


Increase, 1971-1979 


Age 
(yr) 1982 1979 1976 1971 (%) 


15-19 42.2 46.0 
15 17.8 22.9 
16 28.1 37.8 
17 41.0 l 48.5 
18 52.7 56.9 
19 61.7 69.0 


the largely agrarian population of our nation earlier in 
this century, teenage pregnancy was a normal pattern 
for adolescents who had little access to higher education 
or careers that required lengthy preparation. Marriage 
at an early age, before or shortly after conception, was 
common for economic and psychosocial reasons, not 
the least of which was the severe stigma of bastardy. 

The evolution of our country into a complex, urban, 
highly technological society has had profound eco- 
nomic and behavioral ramifications for adolescents. Al- 
though we decry premature teenage childbearing in- 
stead of “responsible reproduction,” Marks and Cates,’ 
at the Center for Health Promotion and Education and 
the Center for Prevention Services at the Centers for 
Disease Control in Atlanta, note that sexually provoc- 
ative advertising pervades our lives—at home, in 
schools, in media, in shopping centers, on airplanes, 
and even in physicians’ offices. These messages are 
beamed unremittingly at millions of young teenagers 
experiencing varied behavioral adaptations to emerg- 
ing hormonal surges and uneven psychosexual matu- 
ration. As a heterogeneous nation without universal 
pubertal rites of initiation into adult sexual behavior, 
conflicting signals and peer group norms result in 
a serious lack of education in reproductive biology 
along with peer group pressure for anticipated sexual 
pleasure. 

Zelnik* has described changing patterns of premar- 
ital sexual activity in 15- to 19-year-old girls. Young 
women having premarital intercourse increased from 
27.6% in 1971 to 42.2% in 1982.4" Striking racial dif- 
ferences were noted in this period with young black 
women showing an increase from 54% in 1971 to 66% 
in 1976 with no subsequent change. In contrast, young 
white women showed an increase from 26% in 1971 to 
47% in 1979. The racial difference in early initiation 
of sexual activity has narrowed significantly and all the 
increase in sexual activity between 1976 and 1979 was 
attributable to the increase that occurred among never- 
married white women. During this period the mean 
age at first premarital intercourse has remained stable 
at 16.4 years for white adolescents and 15.5 years for 
black adolescents. The increase in sexual activity in ad- 


39.2 27.6 66.7 
18.6 14.4 56.2 
28.9 20.9 80.9 
42.9 26.1 85.8 
51.4 39.7 43.3 
59.5 46.4 48.7 


olescent girls from 1971 to 1982 is shown in Table -. 
(Pratt W. National Center for Health Statistics, National 
Survey of Family Growth, Cycle III, unpublished tat- 
ulations, 1984)* 

The upward trend in early sexual activity has led to 
a greater likelihood of pregnancy in all racial, socio- 
economic, and ethnic groups. When a large percentage 
of young unmarried women in a population is sexual_y 
active, the risks for pregnancy escalate and lead to be- 
havioral and sociologic problems. 

The United States has the highest teenage pregnancy 
rate of any western nation (rates are on an annual basis 
per 1000 estimated population).’ Our current adoles- 
cent pregnancy rate is 95 per thousand with Britain 
and Canada in second and third place with 45 per thou- 
sand. In the latter nations, as in many different geo- 
graphic locations in the United States, pregnancy m 
adolescents is not exclusively or even predominantly a 
problem of young black women. 


Race and teenage pregnancy 


In the 1960s medical and sociologic studies of teen- 
age pregnancy in the United States were reported from 
urban ghetto clinics in major eastern and southern cñ- 
ies. In the North, the adolescents in these reports were 
the children of black families who had migrated from 
the South in the 1940s and 1950s to seek employmert. 
On arrival, this group found housing patterns more 
segregated than those they had left behind. Many 
blacks who migrated found poverty, unemployment 
(except in menial occupations), and social discrimina- 
tion, an impossible setting in which to foster family 
formation. These urban dwellers and migrants, their 
children, and their children’s children in both the 
North and South have experienced the breakup of the 
black family structure so graphically portrayed on tele- 
vision by Bill Moyers and his panel of erudite blacks. 
Teenage pregnancy emerged in this context as a cause 
rather than a not unexpected social consequence of 
mass migration and urban concentration of millions of 
educationally, economically, and socially disadvantaged 
individuals. 

When the sociologic problem of teenage pregnancy. 
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Table II. Childbearing in the United States: 1960, 1970, 1980, and 1983 
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Total No. of births 4,257,850 

No. of births to women 
<15 yr 6,780 
15-17 yr 173,507 
18-19 yr 413.459 
Total 593.746 

% of births to women <20 yr 14.3 

Total no. of out-of-wedlock births 224,300 

Total no. of out-of-wedlock births to 91,700 
women < 20 yr | 

% of out-of-wedlock births to 15.4 
women <20 yr 

% of out-of-wedlock births to 40.9 
women <20 yr 

No. of out-of-wedlock births, 43 400 
women aged 18-19 yr 

No. of out-of-wedlock births, 43,700 
women aged 15-17 yr 

No. of out-of-wedlock births, -. 4,600 
women under 15 

Illegitimacy rate. women aged 15-19 15.3 

[legitimacy rate. women aged 20-24 39.3 


Change 
(F) 
3,731,386 3,612,258 3,638,933 a8 
11,752 10,169 9,752 +30 

223,590 198,229 172,673 — 1.0 
421,118 353,939 316,613 —23 
656,460 562,330 499,038 — 16 

17.5 15.6 13.7 —4,0 
398,700 665,747 737,893 +30 
199,900 271,801 270,076 +34 
30.5 48.3 54.1 +28 
50.1 41.0 36.6 -1l 
94,300 140,779 144,635 +30 
96,100 121,900 116,625 437 
9,500 9,024 8.816 +52 
99.4 27.6 29.7 +52 
38.4 40.9 42.0 +6 


Sources: Final natality statistics, 1970. Hyattsville, Maryland: National Center for Health Statistics, March 20, 1374. [Monthly 


vital statistics report; vol 22, no. 12(suppl)]. 


+ 


Unpublished tabulations. Hyattsville. Maryland: National Center for Health Statistics, 1978. 
Trends in illegitimacy—United States 1940-1965. Hyattsville, Maryland: National Center for Health Statistics, October, 1968. 


(Vital and health statistics; series 21, no. 15). 


Advance report of final natality statistics, 1980. Hyattsville, Maryland: National Center for Health Statistics, November 30, 


1982. [Monthly vital statistics report; vol 31, no. 8(suppl 8)]. 


Advance report of final natality statistics, 1982. Hyattsville, Maryland: National Center for Health Statistics, September 28, 


1984. [Monthly vital] statistics report; vol 33, no. 6(suppl)]. 


Advance report of final natality statistics, 1983. Hyattsville, Maryland: National Center for Health Statistics, September 20, 


1985. [Monthly vital statistics report, vol 34, no. 6(suppl)]. 


is examined in the western United States, for exam- 
ple, in San Francisco, Palo Alto, Los Angeles, and 
San Diego, California, Denver, Colorado, and Seattle, 
Washington, a different perspective emerges in which 
75% of pregnant adolescents are white, Mexican-Amer- 
ican, or Native American. We have provided prenatal 
care for teenagers, aged 11 to 18 years, at the University 
of Maryland in Baltimore (89% black), the University 
of Kentucky in Lexington (53% black; 47% white) and 
the University of California in San Diego (37.3% white, 
35.8% Mexican-American, 20.8% black, and 6.1% 
other, mostly Indochinese). In each setting young 
women in teenage pregnancy clinics have varied ac- 
cording to the ethnic mix characteristic of the geo- 
graphic location. 

The Hispanic population in the United States is 
growing five times faster than the general public and 
one of every 14 Americans is of Spanish background. 
The United States has the sixth largest Hispanic pop- 
ulation in the world exceeded only by Mexico, Spain, 
Colombia, Argentina, and Peru.® Fertility rates are high 
in this group and Ventura’ estimates that one fifth of 


+ 


all Hispanic births in the United States occur in young 
women less than 20 years of age. Of these 62.4% are 
in women of Mexican descent while 17.9% are in Puerto 
Rican women. More than a third of pregnant adoles- 
cent women in the University of California, San Diego, 
Medical Center Teen Obstetrics Clinic are Mexican- 
American and in San Diego County the pregnancy rates 
in black and Mexican-American teenagers are approx- 
imately the same, 79 and 76 per thousand, respectively. 

Pregnancy at an early age is not unique to America. 
There are well-described reports of the medical and 
social problems of teenage pregnancy in the white pop- 
ulations of Canada, England, France, Sweden, Aus- 
tralia, and other developed countries. These accounts 
have not been included in public discussions of teenage 
pregnancy by the American press or television. 

A conference in 1980 sponsored by the March of 
Dimes Birth Defects Foundation® concluded that there 
is no evidence that the United States is experiencing 
an epidemic of adolescent pregnancy. Although teen- 
age pregnancy has been a continuing problem, the total 
number of births in adolescents has actually declined 
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Table III. Births per 1000 women, 14 to 19 years of age, by year of age, for all women: United States, 
1920 to 1983 





1920-1994 11.9 "98.6 ' 57.9 93.1 125.4 
1925-1929 7 12.3 28.5 55.6 86.9 114.0 
1930-1934 3.4 10.9 25.2 48.6 75.3 99.0 
1935-1939 3.7 11.5 26:0 49.0 75.0 97.9 
1940-1944 4.0 12.7 27.8 52.2 81.7 109.2 
1945-1949 4,9 15.5 34.1 63.0 99.4 133.0 
1950-1954 5.9 19.3 43.1 79.7 123.11 162.6 
1955-1959 6.0 20.1 45.7 85.8 136.2 184.0 
1960-1964 5.4 17.8 40.2 75.8 122.7 169.2 
1965 5.2 16.5 36.0 66.4 105.4 142.4 
1966 - 5,3 16.4 35.5 64.8 101.8 136.1 
1967 l 5.3 16.5 35.3 63.2 97.5 129.5 
1968 5.7 16.7 35.2 62.6 95.7 125.2 
1969 6.0 17.4 35.8 | 63.1 95.7 124.5 
1970 6.6 19.2 38.8 66.6 98.3 126.0 
1971 6.7 19.2 38.3 64.2 92.4 116.1 
1972 7.1 20.1 39.3 -63.5 87.1 105.0 
1973 7.4 20.2 38.8 61.5 83.1 98.5 
1974 79 19.7 37.7 59.7 80.5 -96.2 
1975 7.1] 19.4 36.4 57.3 77.5 92.7 
1976 6.8 18.6 34.6 54.2 73.3 88.7 
1977 6.7 18.2 34.5 54,2 73.8 89.5 
1978 6.3 17.2 32,7 52.4 72.2 88.0 
1979 _ 64 17.2 32.8 52.5 73.5 90.4 
1980 6.5 17.4 33.1 53.1 74.6 92.5 
1981 6.3 17.0 32.) 51.5 72.9 89.5 
1982 6.4 17.2 39.5 51.9 72.) 89.1. 
1983 6.4 17.1 39.1 51.1 70.8 86.6 
Percent decline from highest rate to 1983 

11% 15% 30% l 40% 48% 53% 





Sources: Fertility tables for birth by color: United States, 1917-1973. Hyattsville, Maryland: National Center for Health Statistics, 
1976:37; DHEW publication no. (HRA)76-1152. 

Vital statistics of the United States: 1974. Natality, vol 1. Hyattsville, Maryland: National Center for Health Statistics, 1978:32; 
DHEW publication no. (PHS)78-1100. 

Vital Statistics of the United States: 1975. Natality, vol 2. Hyattsville, Maryland: National Center for Health Statistics, 1978:32; 
DHEW publication no. (PHS)78-1113. 

Unpublished tabulations. Hyattsville, Maryland: National Center for Healtk Statistics, 1976-1980. 

Advance report of final natality statistics, 1981. Hyattsville, Maryland: National Center for Health Statistics, December 29, 1983. 
[Monthly vital statistics report; vol 32, no. 9(supp))]. 

Advance report of final natality statistics, 1982. Hyattsville, Maryland: National Center for Health Statistics, September 28, 
1984. [Monthly vital statistics report; vol 33, no. 6(suppl)]. 

Advance report of final natality statistics, 1983. Hyattsville, Maryland: National Center for Health Statistics, September 20, 
1985. [Monthly vital statistics report; vol 34, no. 6(suppl)]. 

*Births to girls under 15 divided by the number of 14-year- -old girls in each JEn 


15% from 1960 to 1983 (Table II). An increase has 


been noted only in girls under age 15 (30%). Table III . 


shows the pattern of change for births in teenage 
women from 1920 to 1983. In 1983 only women aged 
17 had a higher birth rate than in 1920 (11%). 

' The most remarkable trend in this century has been 
the increase in out-of-wedlock births to teenagers 
(34%). Even so, the illegitimacy rate of 29.7 per 1000 
teenagers is considerably less than the rate of 42 for 
women aged 20 to 24 years. 

- Baldwin? has described the distinctive demographic 
process that bears on the phenomenon of adolescent 
childbearing—the post~World War II baby boom. The 


birth rate in the United States peaked in the 1950s and 


declined thereafter. In 1960 women aged 15 to 19 (born 
1941 to 1945) numbered about 7 million but by 1970 
female teenagers numbered close to 10 million, a 35% 
larger cohort. The maximal impact of the adolescent- 
aged population has passed and thus the number of 
births in teenagers is actually declining.” Data from the 
National Center for Health Statistics? show a 6.2% de- 
crease in birth rate for black women aged 15 to 19 from 
1970 to 1979, while white teenagers of the same age 
had a 4.0% increase in brith rate during the same pe- 
riod. From 1960 to 1979 there was a 76% increase in 
the adolescent illegitimacy rate, nearly all of which was, 
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attributable to whites with blacks experiencing a defi- 
nite downward trend.’ 


Teenage fathers 


A recent (1986) television documentary focused on 
a few select black men who fathered babies in their 
teenage years. The graphic visual image of teenage 
fathers as irresponsible “hit-and-run” victimizers of 
young women has not been substantiated by scientific 
study. A report of 411 pregnant, low-income teenagers 
in Kentucky and their male pariners (53% white; 47% 
black) showed that 70% of black fathers and/or their 
families were both willing and interested in supporting 
the young mother and her baby. In contrast, only 40% 
of white fathers and their families offered similar help. 
In a teenage pregnancy program in London, Ontario, 
Canada," a white, largely protestant, prosperous ag- 
ricultural and industrial area, 89% of unwed mothers 
were engaged, zoing steady, or dating regularly. In this 
group the younger fathers had higher unemployment 
or were in unskilled occupations. 

-In a study from Vista Del Mar, California, teenage 
couples were described by Pannor et al."* as mobile 
middie- and upper-class adolescents. Sexual relation- 
ships tended not to be casual and involved some com- 
mitment on the part of the father as well as the mother. 
The emerging pattern of attitude toward sexual inter- 
course was one of lack of concern for consequences and 
an emphasis on fun, intermingled occasionally with 
guilt or hostility. Simple exploitaticn or trickery rarely 
occurred. The authors reported that relationships be: 
tween unwed mothers and. fathers were more mean- 
ingful than’ popularly supposed. Sixty-two percent of 
the 226 girls in this study of largely urban, white Jewish 
mothers but predominantly non-Jewish fathers placed 
the baby for adoption, which was approved by 78% of 
the unmarried fathers. 

The Ford Foundation" has funded a recent atau 
project that focused on job training for 395 teenage 
fathers of various ethnic backgrounds (28% black, 25% 
white, 7% Native American, and 5% Asian). The results 
of the study demonstrated that when job training is 
incluced in programs for teenage fathers, most young 
men voluntarily contribute financially to the care’ of 
their children. These diverse examples reflect cultural, 
racial, and socioeconomic factors that strongly influ- 
ence the effects of teenage pregnancy on young fathers 

as s well as mothers. 


Prevention of teenage pregnancy 


Glasbrenner" has highlighted the important issues 
in adolescent health care in 1986. Physicians special- 
izing in adolescent medicine are making a concerted 
effort to define the social causes of adolescent preg- 
nancy and are seeking ways to teach teenagers of both 
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sexes how to avoid pregnancy. Solutions are evolving” 
and several innovative approaches are in progress. 
Shinke, at the University of Washington in Seattle, has 
a teenage program (67% white. 11% Mexican-Ameri- 
can, 11% Native American) that provides students with 
general information about sex and birth control.” 
Then they share their own experiences related to dat- 
ing, sex, and contraception and in doing so begin to 
talk about and personalize the facts with which they 
were presented. The final phase of the project is for 
each student to write up a contract that explains po- 
tential problem situations and how they would handle 
them. A preliminary report'* indicates contraceptive 
use is up and unplanned pregnancies are down. Other 
innovative programs, some of which are based in 
schools, are in progress in all sections of the country. 
The focus of physicians who specialize in adolescent 
medicine has shifted in the 1980s. Rather than a narrow 
emphasis on writing prescriptions for oral contracep- 
tives, attention is directed toward modulation of teen- 
age behavior. For example, teenagers discuss with their 
friends and classmates the realities of pregnancy, labor, 
delivery, and child care. Peer pressure is the strongest 
motivator of teenage behavior and negative peer pres- 
sure for adolescent pregnancy can be an extremely ef- 
fective approach. Many clinics have found that teen- 
agers teaching teenagers about responsible reproduc- 
tion rather than children having children with peer 
group approbation is a far more potent message than 
judgmental pronouncements from the adult commu- 
nity. In addition, teenage pregnancy clinics and schools 
make every effort to keep pregnant teenagers and the 
fathers of their babies in school and help with long- 


-term plans, education, and job training for the future. 


Teenage pregnancy is a difficult national problem in 
our highly technologic and heterogeneous society, but 
it is not an épidemic and it is not increasing in mag- 
nitude. Perhaps more important, it is not an exclusively 
black problem. It is a biologic reality that cuts across 
all societies, all cultures, all ethnic groups, and all so- 
cioeconomic classes. Preventive measures are being im- 
plemented by health care professionals, schools, fam- 
ilies, churches, and perhaps mosi successfully by teen- 
agers themselves. To prevent avo:dable emotional scars 
in our youth and the foreclosure of educational and 
economic opportunities in a fifth of our next geneya- 
tion, all of us must hielp with rather than lament pub- 
ertal problems that are’ so difficult for our children of 
the 1980s. E 


We wish to thank Ms. Paula Holder for her expert 
assistance in the preparation of the manuscript. 
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Clinical Articles 


Neonatal outcome after indomethacin treatment for 


preterm labor 


Jennifer R. Niebyl, M.D., and Frank R. Witter, M.D. 
Baltimore, Maryland 


Forty-six infants exposed to indomethacin in utero for treatment for preterm labor were compared with 
infants from two control groups. in one control group the next consecutive patient treated with a tocolytic 
agent was used, and the other control group was formed by picking the next consecutive patient matched 
by gestational age who did not receive any tccolytic agent. There was no significant difference in Apgar 
scores, birth weight, or gestational age in the three groups. The incidence of neonata! complications 
including hypocalcemia, hypoglycemia, respiratory distress syndrome, patent ductus arteriosus, sepsis, 
and neonatal mortality were not significantly different in the three groups. No cases of premature closure 
of the ductus arteriosus or persistent fetal circulation were seen. (AM J OssteT GYNECOL 1986;155:747-9.) 


Key words: Indomethacin, preterm labor, neonatal complications 


Considerable concern has been expressed about neo- 
natal cutcome after exposure to indomethacin in utero 
for treatment of preterm labor. Prostaglandin synthe- 
tase inhibitors affect multiple organ systems through- 
out the body, and concern has been raised about dif- 
ficulty in neonatal cardiovascular adaptation at birth.’ 
Prostaglandins mediate the closure of the neonatal duc- 
tus arteriosus, and vasoconstriction of the ductus ar- 
teriosus in utero might occur as has been reported in 
one case with use of aspirin.” Moreover, indomethacin 
inhibits renal function, decreases urine output, and also 
inhibits platelet aggregation.” However, recent infor- 
mation suggests that the effects are transient and 
reversible* and that if the drug is used in short courses 


and stopped at an appropriate interval before delivery, ` 


no adverse neonatal effects are noted. Most authors 
recommend short courses of indomethacin for 24 to 
48 hours and cessation of the drug therapy before 35 
weeks of gestation. 

The sensitivity of the ductus arteriosus to oxygen- 
mediated closure increases with gestational age. A pos- 
sible explanation for the discrepancy in findings in pre- 
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vious reports of indomethacin exposure in utero is that 
in infants with poor outcomes, the drug had been con- 
tinued close to term. In other cases, factors other than 
drug treatment for premature labor, in particular, as- 
phyxia associated with the use of narcotics or the de- 
livery of a premature breech presentation, could have 
contributed to the problem.’ 

Adverse effects such as premature closure of the duc- 
tus arteriosus or persistent fetal circulation were not 


_ reported in the original control trial performed by us’ 


or in a subsequent study of 167 infants reported by 
Dudley et al. ; 


In this study we examined a variety of neonatal com- ` 
plications in infants exposed to indomethacin and com- . 


pared the frequency with that in a control group treated 
with another tocolytic agent and in another control 
group matched for gestational age and treated with no 
tocolytic. The mothers received indomethacin, 50 mg 
orally initially followed by 25 mg orally every 4 hours 
for 24 hours. If contractions recurred after the 24-hour 
course, a second 24-hour course was administered. All 
patients were treated before 34 weeks of gestation. 


Material and methods j 


Forty-six infants were identified whose mothers had 
been treated for preterm labor with indomethacin from 
1979 through 1984. At the time of delivery the listed 
obstetric and neonatal variables were recorded from 
each chart. The patients were identified from a com- 
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Table I. Neonatal outcomes after indomethacin treatment compared <o those with no tocolytic or other 


tocolytic agents 








Group with 
indomethacin treatment 


No tocolytic agent 


Control group 


Other tocolytic agent 


E ENRE 
Apgar score, 1 min 6.4 + 2.5 40 70+24 42 6.5 +26 40 
Apgar score, 5 min 8l Æ Ll 39 8.12 17 42 8.3 + 1.3 40 
Birth weight (gm) . 2071 + 830 46 2247 + 880 46 1884 + 903 43 
Gestational age by Dubowitz score (wk) 34.7 + 4.3 34 34.6 + 4.1 46 35.0 + 3.9 28 
Gestational age by best obstetric estimate (wk) 32.6 + 4.6 42 34.2 + 5.2 4] 31.9 + 4.9 40 
Gestational age by last menstrual period (wk) 32.6 + 5.0 42 34.6 + 5.0 42 52.5 2 5.6 42 
Values are mean + SE. None of the values are statistically significantly different. 

Table II. Neonatal complications after indomethacin treatment compared to those in groups with no 

tocolytic or other tocolytic agents 

Control groups 
Group with 
indomethacin treatment No tocolytic agent Other tocolytic agent 

Male 2] 25 28 

Female 15/36* 16/41 9/37 
Hypocalcemia 6/46 2/46 4/43 
Hypoglycemia 0/46 0/46 2/43 
RDS 21/46 12/46 19/43 
Continuous positive airway pressure needed 7146 3/46 7143 
Pneumothorax 2/46 1/46 2/43 
Patent ductus arteriosus 4/46 7146 7/43 
Sepsis 4/46 1/46 3/43 
Exhange transfusion for increased bilirubin 0/46 3/46 2/43 
Mortality 2/46 1/46 2/43 


None of the values are statistically significantly different. 


*The second number represents total cases for which data are available. 


puterized data base in which all patients treated with 
tocolytic agents were recorded. 

Two control groups were identified. In the one group 
the next consecutive patient treated with a tocolytic 
agent was selected for one control group. A second 
control group was formed by picking the next consec- 
utive patient matched by gestational age who did not 
receive a tocolytic agent, with use of the Dubowitz score 
in the nursery as the estimate of gestational age. 

Analysis was performed by ¢ test and x’ as appro- 
priate. 


Results 


Table I describes neonatal outcomes after indometh- 
acin treatment in comparison with those in the group 
controlled for gestational age at delivery with no to- 
colysis and the group treated with another tocolytic 
agent. There were no significant differences in Apgar 
scores at 1 and 5 minutes, birth weight, or gestational 
age by Dubowitz scoring, best obstetric estimate, or last 
menstrual period. 

Table II describes neonatal complications after in- 


domethacin treatment compared to those of groups 
with no tocolytic and other tocolytic agents at the same 
gestational age. There were no significant differences 
between indomethacin-treated infants and the two con- 
trol groups with respect to the incidence of hypocal- 
cemia, hypoglycemia, respiratory distress syndrome, 
need for continuous positive airway pressure, pneu- 
mothorax, patent ductus arteriosus, sepsis, exchange 
transfusion for hyperbilirubinemia, or mortality. 

Amorg the indomethacin-treated infants, seven in- 
fants had anomalies. There were two with clubbed foot, 
one with polydactyly, one with gastrointestinal anomaly, 
two with genitourinary anomalies, and one with skin 
tag. There were two neonatal deaths, a 600 gm infant 
with immaturity and a 976 gm infant with severe re- 
spiratory distress syndrome. No cases of premature clo- 
sure of the ductus arteriosus or persistent fetal circu- 
lation were seen, 

In the two control groups, there was no significant 
difference in the incidence of anomalies. In the group 
treated with another tocolytic agent, one infant had 
polydactyly and one had a cardiovascular anomaly. In. 
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the group matched by gestational age and not treated 


with a tocolytic, there was one case of polydactyly, one 
chromosomal abnormality, one cardiovascular abnor- 
mality, and one genitourinary abnormality. 


Comment 


Considerable concern has been expressed about po- 
tential adverse effects of infant exposure to indometh- 
acin in utero. However, when the drug has been used 
before 35 weeks of gestation and limited to short 
courses, several reports have shown no adverse effects. 
These 46 infants are in addition to the previous 16 
infants reported in our controlled trial. In addition, 
Dudley et al. used indomethacin before 34 weeks of 
gestation in 24- to 48-hour courses and found no ad- 
verse effects in 167 patients. 

The half-life of excretion for indomethacin in the 
human neonate is 14.7 hours compared to 2.2 hours 
in the adult.” When a patient appears to be failing to- 
colytic therapy and delivery seems imminent, the drug 
should be discontinued to minimize maternal and 
therefore fetal serum levels. 

Although room for a beta error is certainly present, 
evidence is accumulating that if indomethacin is used 
judiciously in the appropriate setting, the neonatal risk 
is likely to be small. This drug may find use as an al- 


+ 
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ternate tocolytic agent in patients who cannot tolerate 
8-mimetics or for whom B-mimetics are contraindi- 
cated. If the use is limited to gestations of <34 weeks, 
the risk/benefit ratio may justify more widespread clin- 
ical use. 
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Motor and cognitive development of infants with 
intraventricular hemorrhage, ventriculomegaly, or 
periventricular parenchymal lesions 


James A. Low, M.D., Ruth S. Galbraith, M.D., Eric E. Sauerbrei, M.D., 
Darwin W. Muir, Ph.D., Helen L. Killen, R.N., Elizabeth Pater, R.N., and 


E. Jane Karchmar, B.A. 


Kingston, Oniario, Canada 


Two hundred twenty-six moderate- or high-risk newborn infants were studied tc examine the relationship 
between ultrasound findings in the newborn period and at 6 months and motor and cognitive deficits at 

1 year. A three-part classification of abnormal ultrasound findings was used to grade intraventricular 
hemorrhage, ventriculomegaly, and parenchymal lesions. Abnormal ultrasound findings were observed in 
48 infants, of whom 21 had intraventricular hemorrhage, 18 persistent ventriculomegaly, and nine 
parenchymal lesions. The incidence of deficits was as follows: normal ultrasound examination, 20%; 
intraventricular hemorrhage, 33%; persistent ventriculomegaly, 67%; and parenchymal lesions, 89%. The 
present study indicates that serial ultrasound examinations are indicated in preterm newborn infants 
<1500 gm and in selected newborn infants at risk and >1500 gm at birth. The three-part classification of 
abnormal ultrasound findings should be used because of the predictive significance of persistent 
ventriculomegaly and parenchymal lesions for motor and cognitive deficits at 1 year of age. (Am J OBSTET 


GYNECOL 1986;155:750-6.) 


Key words: Intraventricular hemorrhage, ventriculomegaly, parenchymal lesions, deficits 


Recent follow-up studies of high-risk infants, de- 
signed to establish the relationship between abnormal 
ultrasound findings and subsequent deficits, have led 
to certain conclusions. The neurodevelopmental out- 
comes of infants with mild degrees of intracranial hem- 
orrhage and those with no hemorrhage are similar 
while children with more severe hemorrhage have a 
worse prognosis.'* However, further data are required 
to clarify these associations. Initial reports included 
newborn infants of differing gestational ages and risks 
and relatively few surviving infants with severe lesions. 

Furthermore, a uniform convention for the classifi- 
cation of abnormal ultrasound findings has not been 
established. Recent observations favor the recommen- 
dation of Levene and de Crespigny* for a three-part 
classification to grade intraventricular hemorrhage, 
ventricular dilatation, and parenchymal lesions. The 
independent classification of these three lesions is de- 
sirable because these findings have differing prognostic 
significance. Some evidence indicates that ventriculo- 
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megaly with or without intraventricular hemorrhage 


may be associated with an increased incidence of def- 
icits.” However, the most compelling argument is the 
increasing evidence that ischemic and/or hemorrhagic 
parenchymal lesions can be distinguished from ger- 
minal matrix and intraventricular hemorrhage. These 
parenchymal lesions appear to have a particularly poor 
prognosis.*° Since the findings, particularly ventricalo- 
megaly, may change with time, the timing of the se- 
quence of examinations for each child should be 
defined. 

The objective of this study was to examine, in mod- 
erate- and high-risk infants, the relationship between 
intraventricular hemorrhage, persistent ventriculom- 
egaly, and parenchymal lesions and motor and ccgni- 
tive deficits at | year of age. 


Methods 


The study population included 66 preterm newborn 
infants <1500 gm (mean birth weight 1184 gmi, 94 
premature newborn infants >1500 gm (mean birth 
weight 2006 gm), and 66 term newborn infants (mean 
birth weight 3163 gm). Each infant had one or more 
ultrasound examination(s) in the newborn perioc and 
at 6 months of age. Assessments of motor and cognitive 
development were carried out at 6 and 12 months of 
age, corrected for preterm births. : 

Newborn infants were entered into the study bezause 
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Table I. Fetal and newborn complications in 
226 moderate- and high-risk infants 





Fetal-newborn risk category 










Moderate risk 
(n = 114) 


High risk 
(n = 112) 






Fetal-newborn complications 





Birth weight <1500 gm 22 44 
Infants of diabetic mothers 8 2 
Fetal growth retarda- 40 9 
tion <3% 
Fetal hypoxia 
Borderline 20 10 
Severe 0 19 
Major newborn infection 0 1] 
Moderate-severe newborn 0 8] 
respiratory complications 
Newborn encephalopathy 
Mild-moderate 29 14 
Severe 0 4] 


of the presence of one or more fetal or newborn com- 
plications. The complications of the 114 infants clas- 
sified as moderate risk included: (1) very low birth 
weight (<1500 gm), (2) insulin-dependent maternal di- 
abetes, (3) fetal growth retardation less than third per- 
centile, (4) borderline fetal hypoxia (umbilical artery 
buffer base 34 to 36 mmol/L), and (5) mild or moderate 
newborn encephalopathy, that is, abnormality of be- 
havior and/or tone. The complications of the 112 in- 
fants classified as high risk included: (1) severe fetal 
hypoxia (umbilical artery buffer base <34 mmol/L), (2) 
major newborn infections, (3) moderate and severe 
newborn respiratory complications, and (4) severe new- 
born encephalopathy, that is, multiple seizures and/or 
recurrent apnea (Table I). 

Ultrasound examinations were performend between 
day | and day 4 after delivery, on day 7, at discharge, 
at 6 months’ corrected age, and whenever clinically in- 
dicated. 

A mechanical sector probe (5 MHz transducer) was 
placed on the anterior fontanelle to obtain a series of 
coronal and sagittal images, which were recorded on 
transparent film. Abnormal findings were classified ac- 
cording to the criteria outlined in Table II. Intraven- 
tricular hemorrhage was classified as either germinal 
matrix hemorrhage and/or hemorrhage into the ven- 
tricle. Germinal matrix hemorrhage was described as 
the largest diameter of the hemorrhage, while hem- 
orrhage into the ventricle was described as the per- 
centage filling of the ventricle. These latter infants may 
demonstrate a transient ventriculomegaly in the new- 
born period. Persistent ventriculomegaly (dilata- 
tion > 4 mm), that is, persisting in ultrasound exami- 
nations at 3 to 6 months of age, was described by mea- 
suring the craniocaudal diameter of the bodies of the 
lateral ventricles in the coronal plane, which includes 
the foramina of Munro (Fig. 1). Parenchymal lesions 
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Fig. 1. Ventriculomegaly. A coronal sonogram demonstrates 
mild to moderate enlargement of the bodies of the right and 
left lateral ventricles. The craniocaudal diameter of the left 
lateral ventricle measures 7 mm (arrows) and that of the right 
measures 5 mm. Normally this measurement is <4 mm in 
infants who are | to 6 months old. 


Table II. Classification of abnormal ultrasound 
examinations 
SRR eee ee 
l. Intraventricular hemorrhage 
Germinal matric hemorrhage 
Intraventricular hemorrhage 
2. Ventriculomegaly 
Transient 
Persistent 
3. Parenchymal lesions 
Echo-dense lesions 
Cystic lesions 


ee 


The classification of each infant was based on the most 
severe finding of intraventricular hemorrhage, persistent ven- 
triculomegaly, or parenchymal lesions observed during the 
sequence of ultrasound examinations between birth and 6 
months of age 


included areas of increased echodensity in the peri- 
ventricular region distinct from the ventricles. Such 
areas of echodensity may include or be replaced by 
cystic areas. The areas of echodensity and the cystic 
lesions were described by a measure of their largest 
diameter (Fig. 2). The classification of each child was 
based on the most severe finding in the series of ex- 
aminations in the newborn period and at 6 month$."In 
increasing order of severity, these are intraventricular 
hemorrhage alone, persistent ventriculomegaly, and 
parenchymal lesions. 

Motor and cognitive deficits at 1 year of age were 
identified by means of motor and cognitive assessments 
carried out at 6 and 12 months of age with gestational 
age correction for preterm children. Deficits were de- 
fined by neurological examination, the Bayley Scales 
of Infant Development, and the Uzgiris and Hunt scale 
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Fig. 2. A, Cystic periventricular leukomalacia. A parasagittal 
sonogram through the right lateral ventricle demonstrates 
multiple small cysts (arrows) in the white matter posterior to 
the occipital horn of the right lateral ventricle (V). This scan 
was performed 4 weeks after delivery. A previous scan at 14 
days of age demonstrated a diffuse increase in echogenicity 
in this area but no cysts. There was no evidence of a germinal 
layer or intraventricular hemorrhage. A scan at 6 months of 
age demonstrated focal enlargement of the occipital horns of 
the ventricles; the cysts were no longer present. C = Normal 
choroid plexus. B, Cystic periventricular leukomalacia. A pos- 
teriorly angled coronal sonogram in the same patient as in A 
demonstrates multiple tiny cysts (arrows) posterolateral to the 
occipital horns of the right lateral ventricle (rv) and the left 
lateral ventricle (lv). 


of cognitive development. Each child was classified as 
“normal” or as having a major or minor deficit of motor 
and/or cognitive development according to the criteria 
outlined in Table III. 

A detailed neurological examination was carried out 
by a physician. Specifically assessed were: (1) head; (2) 
cranial nerves; (3) tone, both passive and active as 
shown by posture, mobility, and phasic reflexes; (4) 
spontaneous movement to rule out tremors; and (5) 
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Fig. 3. The Bayley Physical Development Index and Mental 
Development Index at 6 and 12 months in infants with normal 
ultrasound findings, intraventricular hemorrhage, persistent 
ventriculomegaly, and parenchymal lesions. 


voluntary gross and fine motor movements to identify 
any abnormalities of complex movement in relation to 
the normal developmental expectations for that age. 
Each neurological examination was summarized as 
being normal, abnormal (reproducible, consistently ab- 
normal findings), or suspicious (findings that were not 
normal but were variable over time, for instance, ab- 
normal posture of a limb in space). 

The Bayley scales were administered by a research 
analyst. Motor and cognitive development was defined 
by the Physical and Mental Development Index scores, 
which are based on recognized norms for general skill 
acquisitions, with borderline 70 to 84 and abnormal 
<70. The cognitive assessment was supplemented by a 
shortened version of the Uzgiris and Hunt scale, which 
is based on Piaget’s theory of early cognitive develop- 
ment and estimates of the level of cognitive function. 
Its value lies in its independence from complex motor 
abilities. The scale includes (1) visual pursuit and object 
performance, that is, tests of the child’s ability to visually 
and/or manually search for objects that are hidden (six 
items): (2) concepts of space, that is, capacity of the 
child to understand and use containers and recognize 
obstacles (two items); (3) means-end relationship, that 
is, the extent to which a child tries to influence and 
solve problems in the environment (one item); (4) vocal 
imitation, that is, ability of the child to imitate familiar 
and unfamiliar sounds and words (three items); (5) ges- 
tural imitation, that is, ability of the child to imitate 
familiar and unfamiliar gestures (two items). The scale 
was developed in an ordinal form, and in the absence 
of a conventional scoring system, each child was scored 
according to the percentage of the 14 items passed. 
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Table III. Criteria for classification of major and minor motor and cognitive deficits at 1 year of age 







Cirteria 


Motor Major Abnormal neurological examination and abnormal physical development index 
Minor Suspicious neurological examination and/or borderline physical development index 
Cognitive Major Abnormal mental development index and abnormal Uzgiris and Hunt score 
Minor Borderline mental development index and/or abnormal Uzgiris and Hunt score 


Table IV. Ultrasound classification of infants in moderate- and high-risk categories 


Ultrasound examination 


Fetal-newborn Normal Intraventricular Ventriculomegaly Parenchymal 
risk category (n) hemorrhage (n) (n) lesions (n) 

Moderate risk 102 7 3 2 

High risk 76 14 15 7 





Table V. Relationship of ultrasound findings to motor and cognitive deficits at 1 year 


Normal 


Ultrasound examination 


Motor and cognitive development 


% 


Major deficit 


MMR | a ee oe 


Normal 142 80 22 12 14 8 
Intraventricular hemorrhage 14 67 4 19 3 14 
Ventriculomegaly 6 33 5 28 7 39 
Parenchymal lesions l l1 0 8 89 





Statistical analysis to investigate the relationships be- 
tween the fetal and newborn complications, the results 
of the ultrasound examination, and motor and cogni- 
tive development at | year included x? analysis for qual- 
itative and Student's ¢ tests for quantitative analysis. 


Results 


Abnormal ultrasound findings were observed in 48 
or 21% of these moderate- and high-risk infants. The 
major findings were classified as intraventricular hem- 
orrhage in 21, persistent ventriculomegaly in 18, and 
parenchymal lesions in nine infants. 

The incidence of abnormal ultrasound findings is 
significantly greater in the high-risk newborn infant, 
32%, compared with the moderate-risk newborn in- 
fants, 10% (p < 0.001) (Table IV). The specific fetal 
and newborn complications associated with these ab- 
normal ultrasound findings are the same as those pre- 
viously reported,’ that is, low birth weight 
(p < 0.0001), major newborn infections (p < 0.01), and 
moderate and severe newborn respiratory complica- 
tions (p < 0.0001). 

Motor and cognitive deficits were identified in 63 
infants (28%) at 1 year of age. There were 31 infants 
with minor motor and/or cognitive deficits and 32 in- 
fants with major motor and/or cognitive deficits. 

, The relationship between the ultrasound classifica- 
tion of each infant and motor and cognitive develop- 


Table VI. Relationship of fetal-newborn risk 
category to deficits in infants with 
intraventricular hemorrhage, ventriculomegaly, 
and parenchymal lesions 














Motor and cognitive 


development 








Fetal-newborn risk category 


Intraventricular hemorrhage 


Moderate risk 7 0 0 

High risk 7 4 3 
Ventriculomegaly 

Moderate risk l 2 0 

High risk 5 3 7 
Parenchymal lesions 

Moderate risk 0 0 2 

High risk l 0 6 


I 


ment at | year is presented in Table V. There^if a 
significant sequential increase in the incidence of def- 
icits when the infants with normal ultrasound findings 
are compared with the infants with intraventricular 
hemorrhage alone, with those with persistent ventric- 
ulomegaly, and with those with parenchymal lesions 
(p < 0.0001). Similarly, there is a significant sequential 
decrease of the mean scores on the Bayley Scales of 
Infant Development when the infants with normal ul- 
trasound findings are compared with those having in- 
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_Table VII. Incidence of deficits in infants at risk, with normal ultrasound examination and with 


intraventricular hemorrhage 


2 
85 28 60 


Literature 295 : 
Present study 178 36 


Ultrasound examination 
Intraventricular hemorrhage 
Deficits 


162 37 
20 21 7 33 


Literature data include relevant figures from the reports of Thorburn et al.,! Papile et al.,° Stewart et al., Fitzhardinge et al.,"” 


Catto-Smith et al.,'* and Tekolste et al." 


Table VIII. Motor and cognitive developmental scores at 6 and 12 months’ corrected age for matched 
pairs of infants with normal ultrasound findings and intraventricular hemorrhage alone 






Motor and congitive development 





Physical development index 


6 mo 21 

12 mo 21 
Mental development index 

6 mo 21 

12 mo 21 
Uzgiris and Hunt scale 

6 mo 21 

12 mo 20 


Ultrasound examination 


Intraventricular 
Normal hemorrhage 


a oe A NE 





96.1 19 90.8 NS 
94.2 21 91.5 NS 
94.5 18 94.4 NS 
109.0 21 104.1 NS 
53.6 18 57.0 NS 
67.3 20 67.0 NS 





traventricular hemorrhage, persistent ventriculomeg- 
aly, and parenchymal lesions (p < 0.001) (Fig. 3). 

The relationship between fetal-newborn risk cate- 
gory and motor and cognitive development in relation 
to the ultrasound findings is outlined in Table VI. It is 
evident that the majority of the deficits in each ultra- 
sound category occurred in high-risk infants. 

Germinal matrix or intraventricular hemorrhage was 
identified early in the newborn period with no evidence 
of hemorrhage in the ultrasound examination at 6 
months. The extent of the hemorrhage, as expressed 
by the greatest diameter, was of the same order in in- 
fants with normal development and in those with def- 
icits at 1 year of age. 

Persistent ventriculomegaly was usually first recog- 
nized between 3 and 6 months of age. This was pre- 
ceded by intraventicular hemorrhage in six of the 18 
infants. Although an intraventricular hemorrhage may 
have been missed in some infants, it is likely that per- 
sistent ventriculomegaly may occur as an independent 
finding. There was no relationship between the size of 
the persistent ventriculomegaly and the occurrence of 
deficits. The mean diameter of the ventriculomegaly in 
infants classified as normal at 1 year was 9 mm in re- 
lation to 7 mm for infants with deficits at 1 year. Deficits 


occurred in five of the six infants with intraventricular 
hemorrhage and persistent ventriculomegaly and in 
seven of the 12 infants with persistent ventriculomegaly 
alone. 

Parenchymal echo-dense and/or cystic lesions were 
associated with intraventricular hemorrhage in six in- 
fants and with persistent ventriculomegaly in six in- 
fants. The echo-dense parenchymal lesions were usu- 
ally identified between the second and fourth weeks 
after delivery. In some infants, the periventricular 
echo-densities evolve into multiple small cysts and by 6 
months may have been replaced by a focal enlargement 
of the neighboring ventricle or by a solitary cystic cavity, 
which communicates with the ventricle. Eight of the 
nine infants with parenchymal lesions had major def- 
icits at 1 year. The only exception was in a 1700 gm 
preterm newborn infant who had an intraventricular 
hemorrhage and an echo-dense lesion and subse- 
quently a 40 mm cystic lesion in an unusual location in 
the right frontal lobe of the cerebral cortex. 


Comment 

The incidence of abnormal ultrasound findings in 
very low birth weight infants (<1500 gm) in the presenj 
study, 45%, is in keeping with many previous reports. 
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Furthermore, ultrasound examination is important in 
selected preterm newborn infants >1500 gm and term 
newborn infants. The incidence of abnormal ultra- 
sound findings in these moderate- and high-risk new- 
born infants in the present study was 11%. This rep- 
resented 40% of the abnormal ultrasound findings in 
this series and included intraventricular hemorrhage, 
persistent ventriculomegaly, and parenchymal lesions. 

The infants in this study were classified as moderate 
or high risk on the basis of the associated fetal and 
newborn complications. The high-risk criteria, severe 
fetal hypoxia, major newborn infections, moderate and 
severe newborn respiratory complications, and severe 
encephalopathy, are those that have previously been 
shown to have a significant independent relationship 
with motor and cognitive deficits.'' The incidence of 
abnormal ultrasound findings in the high-risk group, 
32%, is significantly greater than that in the moderate- 
risk group, 12%. Thus the high-risk group represents 
important criteria for requiring ultrasound assessment 
of the newborn infant. It should be noted, however, 
that 25% of the abnormal ultrasound findings did occur 
in the moderate risk group and four infants subse- 
quently had motor and cognitive deficits at 1 year. Thus 
the lower risk group should not be ignored. 

Germinal matrix or intraventricular hemorrhage 
alone was the most common abnormal ultrasound find- 
ing. All occurred in preterm infants. The incidence of 
deficits for these infants was only slightly higher than 
that of the infants with normal ultrasound findings. 
However, the difference was not significant. This find- 
ing closely parallels the collective experience of a num- 
ber of investigators with comparable data (Table VII). 
To further investigate this question, the 21 infants with 
intraventricular hemorrhage were matched with the 
next infant delivered with a corresponding birth weight 
and fetal-newborn risk classification but no intraven- 
tricular hemorrhage. The number of minor and major 
deficits in the two groups was identical. Also there was 
no significant difference in the motor and cognitive 
developmental scores at 6 and 12 months of age (Table 
VIII). Although further examination of this relation- 
ship is required, the evidence continues to support the 
conclusion that intraventricular hemorrhage alone is 
not associated with an increased incidence of motor and 
cognitive deficit at 1 year. 

The results of the present study suggest that it is 
important to identify persistent ventriculomegaly. This 
finding tends to occur in the more mature newborn 
infant (mean birth weight 2240 gm). It may or may not 
occur in association with intraventricular hemorrhage. 
It is characteristically identified at a later stage, 3 to 6 
months after delivery. Twelve of the 18 newborn in- 
fants, 67%, with persistent ventriculomegaly had evi- 
dence of motor and/or cognitive deficits at 1 year. The 
importance of ventriculomegaly in relation to deficits 
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was reported by Stewart et al.’ However, these findings 

are at variance with the apparent significance of post-— 
hemorrhagic ventriculomegaly reported by Kristna- 

moorthy et al." 

Although the nature of all parenchymal echo-dense 
and cystic lesions is not established, there is increasing 
evidence of an association with periventricular leuko- 
malacia, with or without hemorrhage into the ischemic 
lesions.” ” '° These parenchymal lesions can be clearly 
distinguished from extensive intraventricular hemor- 
rhage. The striking relationship between parenchymal 
lesions and major motor and cognitive deficits at 1 year 
is in keeping with that of several recent reports.® * The 
one exception in this study highlights the importance 
of the site of the lesion with respect to sequelae. 

In summary, an ultrasound examination is important 
in very low birth weight infants as well as in a selected 
group of preterm infants >1500 gm and term infants. 
Fetal and newborn complications are useful criteria for 
the selection of such infants. Serial ultrasound assess- 
ment should be continued until 3 to 6 months of age, 
because of the progressive nature of some ultrasound 
findings. Finally the distinctive characteristics and 
prognostic significance of intraventricular hemor- 
rhage, persistent ventriculomegaly, and parenchymal 
lesions emphasize the value of this simplified version 
of Levene’s classification of abnormal ultrasound find- 
ings to describe these three lesions. 
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Acquired immunodeficiency syndrome manifested by chronic 


primary genital herpes 


Jeffrey A. Maier, M.D., Arieh Bergman, M.D., and Michael G. Ross, M.D. 


Torrance, California 


Herpes genitalis is commonly seen by the obstetrician-gynecologist. Prolonged persistence of herpes is 
unusual and may herald an underlying disorder. A case of chronic primary herpes is presented, in which 
the diagnosis of acquired immunodeficiency syndrome was delayed because of a low degree of suspicion. 


(Am J OBsTET GYNECOL 1986;155:756-8.) 


Key words: Herpes genitalis, acquired immunodeficiency syndrome 


Acquired immunodeficiency syndrome is a recog- 
nized viral syndrome that is primarily seen in homo- 
sexuals, bisexuals, intravenous drug abusers, and he- 
mophiliacs as well as the sexual partners, infants, and 
blood transfusion recipients of these populations. 
Women constitute only 7% of the affected population, 
and approximately 17% of these women have no ap- 
parent risk factors.' This report details the clinical pre- 
sentation of one such patient. 


Case report 


A 28-year-old, previously healthy, nulliparous black 
woman developed a painful labial vesicle which ulcer- 
ated over the next few days. Similar lesions appeared 
in the ensuing weeks. Six weeks after the initial lesion 
she had extensive purulent ulcerations covering the 
perineum, the inguinal areas, and the gluteal crease 
(Fig. 1). She complained of fever and night sweats of 
1 month’s duration and thought she had recently lost 
2%6 3 pounds. Two weeks earlier she had taken eryth- 
romycin without response. She had no history of herpes 
infections or other sexually transmitted disease and de- 
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nied having anorexia, fatigue, drug abuse, travel to 
Haiti or Africa, blood transfusions, or contact with in- 
dividuals having increased risk for acquired immuno- 
deficiency syndrome. She had had only two sexual part- 
ners. Contact with the first ceased over 8 years earlier. 
The second partner was her husband of 5 years. Ini- 
tially he refused to contribute information regarding 
his sexual or drug-taking habits. 

Blood pressure was 110/80 mm Hg, pulse 80 bpm, 
respirations 16/min, and temperature 102.6° F. Head 
and neck examination revealed oral thrush and no ad- 
enopathy. Lungs had scattered basilar rales. Numerous 
0.5 to 4 cm confluent ulcerations were present through- 
out the perineal area. These were shallow with an er- 
ythematous base, exquisitely tender, and covered with 
heavy purulent exudate. There was shoddy bilateral 
inguinal adenopathy and a thick creamy vaginal dis- 
charge. The remainder of the examination was unre- 
markable. 

The patient was admitted with a diagnosis of severe 
genital herpes and oral thrush. White blood cell count 
was 3900 with 59 polymorphonuclear cells, 22 bands, 
10 lymphocytes, and 9 monocytes. Hematocrit was 28% 
and platelet count was 190,000/mm*. Reticulocyte 
count was 0.5% (corrected). Chest X-ray film revealed 
slight cardiomegaly. Serum iron and iron-binding ca- 
pacity were below normal. Serum folate and B,» levels 
were normal. A bone marrow aspirate was normal. The 
patient was anergic to tuberculosis, coccidiomycosis, 
and Candida skin tests. VDRL, antinuclear antibody, 
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Fig. 1. The herpetic lesions on the perineum shortly after presentation. Similar lesions extended 


up the gluteal crease. 


rheumatoid factor, and hepatitis B screens were neg- 
ative. Quantitative serum electrophoresis revealed el- 
evated IgA, IgG, and IgM levels. Cultures of the per- 
ineal lesions were positive for herpes simplex II, Can- 
dida albicans, and Staphylococcus epidermitis. Cervical 
culture revealed growth of Neisseria gonorrhea. 

The patient was maintained in isolation. Acyclovir, 
oxacillin, and gentamicin were administered intrave- 
nously. Local treatment included heat lamp, sitz baths, 
miconazole cream to the perineum, and nystatin gar- 
gles. Over 9 days the patient had a moderate improve- 
ment, the exudate clearing and the lesions beginning 
to epithelialize. She was discharged, on no antibiotics, 
to continue the local therapy. She continued to have 
nightly fever and sweats. The white cell count remained 
at 1800 to 3000. 

Three weeks later the patient was readmitted with 
cough and shortness of breath. Chest X-ray film re- 
vealed bilateral diffuse reticulonodular infiltrates, and 
subsequent bronchoscopy washings grew Pneumocystis 
carini. T cell subsets returned revealing depressed T, 
and T, levels, with the T,/T, ratio inverted at 0.13 (nor- 
mal, 0.84 to 3.05). The diagnosis of acquired immu- 
nodeficiency syndrome was based on findings of per- 
sistent opportunistic infections in the presence of sig- 
nificantly depressed T cells. Serologic tests for 
antibodies to human T-lymphotropic retrovirus type 
MI (HTLV-II) were not available at that time. On sub- 
sequent questioning her partner admitted to bisexual- 
ity, and he later developed lymphadenopathy but re- 
fused any further evaluation. 

The patient was successfully treated for Pneumocystis 
pneumonia with intravenous trimethoprim-sulfameth- 
oxazole. Oral and vaginal candidiasis responded to local 
treatment, and the herpetic lesions gradually resolved. 
One year later, however, the patient died of systemic 
candidiasis. 


Comment 


Primary herpes infections are typically manifested as 
painful but limited lesions, often with accompanying 
fever, malaise, myalgias, and regional lymphadenopa- 
thy. Episodes of primary infections generally last <20 
days. Those persisting for more than 1 month fre- 
quently indicate an underlying immunosuppressed 
state, however.’ Thus at initial presentation the patient's 
course was consistent with a poorly resolving primary 
herpes infection that was suspicious for an underlying 
immunosuppressive disorder. The absence of acquired 
immunodeficiency syndrome—associated risk factors 
was unusual, however, and led to a delay in the diag- 
nosis despite early consultation by the medical, infec- 
tious disease, and dermatologic services. 

Diagnoses considered in the initial workup included 
primary mucocutaneous herpes with bacterial super- 
infection, various lymphoreticular malignancies, aplas- 
tic anemia, collagen vascular disease, sarcoidosis, and 
immunosuppression secondary to drug ingestion, as 
well as acquired immunodeficiency syndrome. It was 
only when the patient was readmitted with Pneumocystis 
pneumonia in association with an inverted T cell ratio 
that the diagnosis became clear. 

Acquired immunodeficiency syndrome has been in- 
creasingly recognized and reported throughout the 
world. It is characterized by consistent immunologic 
abnormalities, especially lymphopenia and depression 
of the T, subset of T lymphocytes leading to an inver- 
sion of the T,/T, ratio. Clinical manifestations include 
various opportunistic infections, Kaposi’s sarcoma, and 
other lymphoid malignancies. Symptoms may include 
fever, malaise, lethergy, recent weight loss, and diar- 
rhea. Acquired immunodeficiency syndrome present- 
ing as chronic perineal ulcerative herpes accounts for 
only 1% to 2% of cases.’ 
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Įnitial evaluation of the patient in whom the diag- 
nosis of acquired immunodeficiency syndrome is sus- 
pected should include a sexual, drug, travel, and trans- 
fusion history of the patient and her partner as well as 
evaluation for constitutional signs and symptoms. 

Gynecologists may be the initial physician contact in 
patients with genital manifestations of acquired im- 
munodeficiency syndrome and should consider this di- 
agnosis when presented with unusual persistence of 
lesions. A relatively sensitive and specific serologic test 
for HTLV-III antibodies is now available. False posi- 
tives do occur, however, and results must be interpreted 
with care. 
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Various methods of adjusting maternal serum a-fetoprotein levels based on maternal weight have been 
recommended in order to more appropriately assign risk in maternal serum a-fetoprotein screening. These 
adjustments may, however, result in a larger proportion of pregnancies designated as having increased 


. A risk and reduction in detection accuracy. (Am J OssteT GYNECOL 1986;155:758-60.) 


Key words: a-Fetoprotein, maternal weight, detection accuracy 


Substantial variation in detection efficiency for open 
a neural tube defect in maternal serum a-fetoprotein 
N screening has been reported. The United Kingdom 
Collaborative Study! demonstrated that at 16 to 18 
AA weeks of gestation, 88% of anencephaly and 79% of 
>. open spina bifida cases could be detected. In the United 
States, detection efficiencies reported by others for 
open neural tube defect range from 67%?” to 83%." 
Recently compiled data from our experience with 


Lee st 
of 


4 >81,000 screened pregnancies reveal that since 1976 
e: our overall detection efficiency has been 97%, sub- 
stantially higher than the 91% previously reported by 

E ig. 
E o The use of physiologic/statistical factors positively in- 


a fluencing detection efficiency would be important. It 
has been suggested that an inverse relationship exists 
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between maternal blood volume (as estimated by ma- 
ternal weight) and the level of a-fetoprotein in maternal 
serum. Such a relationship has caused some to rec- 
ommend that all maternal serum a-fetoprotein screen- 
ing programs should adjust a-fetoprotein levels and 
interpretations based on maternal weight. Three meth- 
ods have been suggested,”” and we present the resulting 
effect of each individual method (had they been ap- 
plied) on a substantial pregnancy subgroup (n = 5740) 
that has undergone evaluation in our program. 


Method 1 

Haddow et al.’ analyzed the records of 1644 patients 
and recommended adjustment in the specific maternal 
serum a-fetoprotein cut-off level used to determine 
which patients would be offered further testing. Four 
arbitrary weight categories were established (<111 
pounds, 111 to 140 pounds, 141 to 170 pounds, and 
>170 pounds). New cut-off levels were determined by 
calculating the median maternal serum a-fetoprotein 
level (expressed as a multiple of the gestational week— 
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specific median*) for women weighing <111 and >170 
pounds and multiplying by a factor of 2. Women weigh- 
ing between 111 and 170 pounds would be evaluated 
with a cut-off level of 2 maternal serum a-fetoprotein 
multiples of the gestational week—specific median for 
all weights. 

We evaluated 5740 pregnancies with gestational ages 
of 14 through 22 weeks in order to assess the influence 
of maternal weight on maternal serum a-fetoprotein 
(Table I). The average gestational age was 17 weeks 
and the median a-fetoprotein value was lower in heav- 
ler women. 

As suggested by Haddow et al., we calculated the 
median maternal serum a-fetoprotein multiples of the 
gestational week—specific median for the four arbitrary 
weight classes (Table I). For the weight groups of <111 
pounds and of >170 pounds, the group median listed 
in Table I was doubled and served as our new cut-off. 
For the weight groups between 111 and 170 pounds 
no weight adjustment was made. This resulted in the 
reclassification of (1) 21 patients as normal and (2) 35 
patients as having elevated levels. 

From the same pregnancy population four cases of 
open spina bifida were successfully identified by ma- 
ternal serum a-fetoprotein screening. This recom- 
mended method of weight adjustment did not result 
in reclassification in any of the four cases: however, a 
maternal weight of 113 pounds and maternal serum a- 
fetoprotein of 2.04 multiples of the gestational week- 
specific median in one case of open spina bifida was 
dangerously close to resulting in reclassification as 
normal. 


Method 2 


Wald et al.° used the least-squares technique with 902 
patients to develop a regression line for maternal serum 
a-fetoprotein (expressed in multiples of the gestational 
week-specific median) and maternal weight; for each 
patient, the unadjusted multiple of the median is di- 
vided by the multiple of the median determined from 
the regression line to obtain the new adjusted multiple 
of the median. 

Using the same approach and weight data from 5740 
pregnancies, we have developed a regression curve for 
possible adjustment of maternal serum a-fetoprotein 
multiples of the gestational week—specific median in 
patients at all weights: Expected In (maternal serum 
a-fetoprotein multiples of the gestational week—specific 
median) = 0.47679 — 0.00358 x maternal weight. By 
this method, weight adjustment in 5740 patients re- 


*The authors note that multiple of the median as a statistical 
parameter of measurement is appropriate, but multiples of 
the median should not be used for reporting to clinicians or 
patients.” 
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Table I. Maternal weight and maternal serum 
a-fetoprotein 









Median maternal 
serum a-fetoprotein 
MOM* 


Median maternal 
serum a-fetoprotein 
(IU/ml) 


class 


(lb) 





<TH 29.030 1.23 
111-140 26.415 1.08 
141-170 23.947 0.96 
>170 21.633 0.83 





*MOM = Multiple of the gestational week—specific median. 


sulted in the reclassification of (1) 18 patients as normal 
and (2) 79 patients as having elevated levels. 

Perhaps in light of the unfavorable net effect of this 
weight adjustment, Wald et al. do not recommend re- 
classification into the elevated category. However, the 
use of regression curve weight adjustment in four cases 
of open spina bifida from our pregnancy population 
resulted in one case being adjusted below our 2.0 mul- 
tiple of the median cut-off level. 


Method 3 


Johnson et al.’ (with an unreported number of pa- 
tients) recommended the use of multiple regression 
analysis for calculating adjusted maternal serum a-feto- 
protein multiples of the gestational week—specific me- 
dian with use of both gestational age and maternal 
weight. The adjusted multiple of the median is calcu- 
lated by dividing the individual maternal serum a-feto- 
protein value by the expected value for gestational age 
and weight. This differs from method 2 in that ges- 
tational week—specific medians are not applied but 
rather gestational age is incorporated into the regres- 
sion formula. 

We have developed the recommended regression 
equation based on our pregnancy population of 
5740: Expected In (maternal serum a-fetoprotein) = 
0.8095 + 0.16888 x gestational age — 0.00349 x 
maternal weight. This adjustment resulted in reclassi- 
fication of (1) 35 patients as normal and (2) 96 patients 
as having elevated levels. In four cases of open spina 
bifida from our pregnancy population, again one case 
was adjusted below our 2 multiples of the median cut- 
off level. 

Haddow et al. concluded that the total proportion of 
women considered to be at high risk was unlikely to 
change significantly but hoped that the assignmert®of 
risk would be more appropriate, especially in very large 
women. Our data, on a substantially larger pregnancy 
population, demonstrate that in 5740 normal pregnan- 
cies 253 had elevated maternal serum a-fetoprotein. 
With use of Haddow’s weight adjustment, this preg- 
nancy subgroup would have been increased by 5.5% 
(predominantly heavier women having been reclassi- 
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fied). On a national scale this could result in further 
* (contraindicated) evaluation in 8780 pregnancies. If 
such adjustment improved detection efficiency, it might 
be worthwhile. Data from our program, however, on 
over 81,000 screened pregnancies do not support the 
concept that heavier women carrying fetuses with open 
neural tube defect are eluding screening detection. 
Furthermore, Wald et al. do not recommend reclassi- 
fication of pregnancies from normal to elevated. 

Wald et al. do believe that weight adjustment will have 
an insignificant effect (a fraction of 1%) on detection 
efficiency for open neural tube defect. Our data are in 
contrast. 

Johnson et al. recommend that all maternal serum 
a-fetoprotein samples be weight adjusted. With use of 
their specific method, our data demonstrate the most 
unfavorable net effect of weight adjustment as it relates 
to reclassification of maternal serum a-fetoprotein 
levels into the elevated category. Detection efficiency is 
again negatively influenced. 

We conclude that programs involved in maternal se- 
rum a-fetoprotein screening should exercise great care 
before the application of maternal weight adjustment. 
If we had used any of the three recommended methods, 
a larger proportion and different group of women 
would have been considered at increased risk for neural 
tube defect and a reduction in detection efficiency 
would have been realized. 

Although the adjustment of medians based on sta- 
tistical criteria is tempting, it involves the implicit as- 
sumption that women of low weight have the same 
likelihood of neural tube defect despite their charac- 


October 1986 
Am ] Obstet Gynecol 


teristically higher maternal serum a-fetoprotein values. 
Since this is an assumption (in fact, Wald et al. observed 
a 1.6 kg reduction in maternal weight in open spina 
bifida pregnancies) and since adopting weight adjust- 
ment decreases detection efficiency in our laboratory, 
it seems inappropriate to adopt such procedures with- 
out first securing empirical support for the concept. 
The screening process, which has proved exceedingly 
accurate in our laboratory, cannot permit the imple- 
mentation of weight adjustment as discussed above. 
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ess Withdrawal bleeding: 
another reason for OGEN "(estropipate) 





= Ina 3-month compari ve trial! OGEN 
and a progestogen“ induced fee with 
drawal bleeding than did conjugated 
estrogens and a progestogen’ 

It’s just one more reason why OGEN is so 
easy to start with, and so easy to stay with. 


Percentage of women without withdrawal 
bleeding, taking either OGEN 1.25 or conjugated 
a <b 0. 625 mg? s 





L OGEN” 42% 





Conjugated estrogens 18% 
0.625 (9/50) 





Adapted peor © wron and Pn iamnan be 1 982! 


A sc E al Only estrone. Identical to the bodys own. 
“Both re regimens were given 24 days out of 30, with BE 0. 03 mg, a 
progestogen, added from the 15th to 24th day. 











cored tablets make 
precise dosing easy 


OGEN.625 


(estropipate 0.75 mg, calculated as 
sodium estrone sulfate 0.625 mg) 


OGEN 1.25 


(estropipate 1.5 mg, calculated as 
sodium estrone sulfate 1.25 mg) 


) a 
L| OGEN 2.5 4 
ay cla (estropipate 3 mg, calculated as k 
I a sodium estrone sulfate 2.5 mg) 


© PED 

UD OGEN 5 
=, (estropipate 6 mg, calculated as 
l- 9 sodium estrone sulfate 5 mg) 





1 OGEN tablets are scored so you can adjust 
dosage without writing a new prescription. 
It’s another reason more physicians are 
prescribing OGEN. 





bad 
See adjacent page for brief summary of prescribing information. 


Reference: 
1. Wren BG, Brown LB, Routledge DA: Differential clinical response to oestrogens 
after menopause. Med J Aust 2:329-332, 1982. 


Cc) Abbott Pharmaceuticals, Inc. 
© 1985, Abbott Pharmaceuticals, Inc. 11/85 North Chicago, Illinois 60064 





OGEN’ 
ESTROPIPATE TABLETS, USP 
Tablets 


WARNING: 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. 

Three independent case control studies have shown an increased 
risk of endometrial cancer in postmenopausal women exposed to ex- 
opens estrogens for prolonged periods. This risk was independent 
of the other known risk factors for endometrial cancer. These studies 
are further supported by the finding that incidence rates of endome- 

_ tial cancer have increased sharply since 1969 in eight different 
areas of the United States with population-based cancer reporting 
systems, an increase which may be related to the rapidly expanding 
-use of estrogens during the last decade. 

The three case control studies reported that the risk of endometri- 
al cancer in estrogen users was about 4.5 to 13.9 times greater than 
in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. In view of these findings, when estrogens are 
used for the treatment of menopausal symptoms, the lowest dose 
that will control symptoms should be utilized and medication should 
be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a 
semiannual basis to determine the need for continued therapy. Al- 
though the evidence must be considered preliminary, one study sug- 
= that cyclic administration of low doses of estrogen may carry 
ess risk than continuous administration; it therefore appears prudent 
to utilize such a regimen. 

Close clinical surveillance of all women taking estrogens is impor- 
tant. In all cases of undiagnosed persistent or recurring abnormal 
vaginal bleeding, adequate diagnostic measures should be underta- 
ken to rule out malignancy. 

There is no evidence at present that “natural” estrogens are more 
or less hazardous than “synthetic” estrogens at equiestrogenic doses. 


2. OGEN SHOULD NOT BE USED DURING PREGNANCY. 

According to some investigators, the use of female sex hormones, 
both estrogens and progestogens, during early pregnancy may se- 
riously damage the offspring. Studies have reported that females ex- 
posed in utero to diethyistilbestrol, a non-steroidal estrogen, have an 
increased risk of developing in later life a form of vaginal or cervical 
cancer that is ordinarily extremely rare. In one of these studies, this 
risk was estimated as not greater than 4 per 1000 exposures. Further- 
more, there are reports that a high percentage of such exposed 
women (from 30 to 90 percent) have been found to have vaginal ad- 
enosis, epithelial changes of the vagina and cervix. Although these 
reported changes are histologically benign, the investigators have 
not determined whether they are precursors of adenocarcinoma. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies in the off- 
spring, including heart defects and limb reduction defects. One case 
control study estimated a 4.7 fold increased risk of limb reduction 
defects in infants exposed in utero to sex hormones (oral contracep- 
tives, hormone withdrawal tests for pregnancy, or attempted treat- 
ment for threatened abortion). Some of these exposures were very 
short and involved only a few days of treatment. The data suggest 
that the risk of limb reduction defects in exposed fetuses is some- 
what less than 1 per 1000. 

In the past, female sex hormones have been used during pregnan- 
cy in an attempt to treat threatened or habitual abortion. GEN has 
not been studied for these uses, and therefore should not be used 
during pregnancy. There is no evidence from well controlled studies 
that progestogens are effective for these uses. 

It OGEN (estropipate tablets) is used during pregnancy, or if the 


patient becomes pregnant while taking this drug, she should be ap- 
prised of the potential risks to the fetus, and the question of continu- 
ation of the pregnancy should be addressed. 


INDICATIONS AND USAGE ž 

The cyclic administration (See “DOSAGE AND ADMINISTRATION” section) 
of OGEN (estropipate tablets) is indicated for the treatment of estrogen 
deficiency associated with: 

1. Moderate to severe vasomotor symptoms of menopause. (There is 
no evidence that estrogens are effective for nervous symptoms or depres- 
sion which might occur during menopause, and they should not be used to 
treat these conditions.) 

2. Atrophic vaginitis. 

3. Kraurosis vulvae. 

4. Female hypogonadism. 

5. Female castration. 

6. Primary ovarian failure. 

OGEN (ESTROPIPATE TABLETS) HAS NOT BEEN TESTED FOR 
EFFICACY FOR ANY PURPOSE DURING PREGNANCY. SINCE ITS 
EFFECT UPON THE FETUS IS UNKNOWN, IT CANNOT BE RECOM- 
mar pA ANY CONDITION DURING PREGNANCY (SEE BOXED 


ONTRAINDICATIONS 
GEN should not be used in women with any of the following conditions: 

1. Known or suspected cancer of the breast. 

2, gom or suspected estrogen-dependent neoplasia. 

3. UGEN may cause fetal harm when administered to a pregnant 
woman. OGEN is contraindicated in women who are or may become preg- 
nant (See Boxed Warning). 

4. Undiagnosed abnormal genital bleeding. 

5. Active thrombophlebitis or thromboembolic disorders. 

6. A past history of thrombophlebitis, thrombosis, or thromboembolic 
Uisorders associated with previous estrogen use. 


WARNINGS 
1. /nduction of malignant neoplasms. Long-term continuous administra- 
tion of natural and synthetic estrogens in certain animal species has been 
reported by some investigators to increase the frequency of carcinomas of 
the breast, cervix, vagina, and liver. There is now evidence that estrogens 
increase the risk of carcinoma of the endometrium in humans. (See Boxed 
aie 
At the present time there is no conclusive evidence that estrogens 
piven to postmenopausal women increase the risk of cancer of the breast, 
here are, however, a few retrospective studies which suggest a small but 
Statistically significant increase in the risk factor for breast cancer among 
these women. Therefore, caution should be exercised when administering 
estrogens to women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease, or abnormal mammograms. Care- 
ful breast examinations should be performed periodically. 

2. Gall bladder disease. A recent study has reported a 2 to 3-fold in- 
crease in the risk of ami pan confirmed gall bladder disease in women re- 
ceiving postmenopausal estrogens, similar to the 2-fold increase previous- 
ly noted in users of oral contraceptives. In the case of oral contraceptives, 
the increased risk appeared after two years of use. 

3. Effects similar to those caused by estrogen-progestogen oral con- 
traceptives. There are several serious adverse effects of oral contracep- 
tives, most of which have not, up to now, been documented as conse- 
quences of postmenopausal estrogen therapy. This may reflect the com- 
paratively low doses of estrogen used in postmenopausal women. It would 





be expected that the eh doses of estrogen used to treat postpartum 
breast engorgement would be more likely to result in these adverse ef- 
fects, and, in fact, it has been shown that there is an increased risk of 
thrombosis in women receiving estrogens for postpartum breast engorge- 
ment, 

a. Thromboembolic disease. \t is now well established that users of 
oral contraceptives have an increased risk of various thromboembolic and 
thrombotic vascular diseases, such as thrombophlebitis, pulmonary embo- 
lism, stroke, and myocardial infarction. Cases of retinal thrombosis, 
mesenteric thrombosis, and optic neuritis have been reported in oral con- 
traceptive users. There is evidence that the risk of several of these ad- 
verse reactions is related to the dose of the drug. An increased risk of post- 
om thromboembolic complications has also been reported in users of 
oral contraceptives. If feasible, estrogen should be discontinued at least 4 
weeks before surgery of the type associated with an increased risk of 
thromboembolism; it should also be discontinued during periods of pro- 
longed immobilization. 

While an increased rate of thromboembolic and thrombotic disease in 
postmenopausal users of estrogens has not been found this does not rule 
out the possibility that such an increase may be present or that subgroups 
of women who have underlying risk factors or who are receiving relatively 
large doses of estrogens may have increased risk. Therefore estrogens 
should not be used in persons with active thrombophlebitis or thromboem- 
bolic disorders, and they should not be used in persons with a history of 
such disorders in association with estrogen use. They should be used with 
caution in patients with cerebral vascular or coronary artery disease and 
only for those in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day), compara- 
ble to those used to treat cancer of the prostate and breast, have been 
shown in a large prospective clinical trial in men to increase the risk of 
nonfatal myocardial infarction, pulmonary embolism and thrombophlebitis. 
When estrogen doses of this size are used, any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceptive use should 
be considered a clear risk. 

b. Hepatic adenoma. Benign hepatic adenomas appear to be associat- 
ed with the use of oral contraceptives. Although benign, and rare, these 
may rupture and cause death through intraabdominal hemorrhage. Such le- 
sions have not yet been reported in association with other estrogen or pro- 
gestogen preparations but should be considered in estrogen users having 
abdominal pain and tenderness, abdominal mass, or hypovolemic shock. 
Hepatocellular carcinoma has also been reported in women taking 
estrogen-containing oral contraceptives. The relationship of this malignan- 
cy to these drugs is not known at this time. 

c. Elevated blood pressure. Increased blood pressure is not uncommon 
in women using oral contraceptives. There is now a report that this may 
occur with use of estrogens in the menopause and blood pressure should 
be monitored with estrogen use, especially if high doses are used. 

d. Glucose tolerance. A worsening of glucose tolerance has been ob- 
served in a significant percentage of patients on yeh ba gee oral 
contraceptives. For this reason, diabetic patients should be carefully ob- 
served while receiving estrogen. 

4. Hypercalcemia. Administration of estrogens may lead to severe hy- 
percalcemia in patients with breast cancer and bone metastases. If this 
occurs, the drug should be stopped and appropriate measures taken to 
reduce the serum calcium level. 


PRECAUTIONS 
A. General Precautions. 

1, A complete medical and family history should be taken prior to the 
initiation of any estrogen therapy. The pretreatment and periodic physical 
examinations should include special reference to blood pressure, breasts, 
abdomen, and pelvic organs, and should include a Papanicolau smear. As 
a general rule, estrogen should not be prescribed for longer than one year 
without another physical examination being performed. 

2. Fluid retention — Estrogens may cause some degree of fluid reten- 
tion. Therefore, patients with conditions such as epilepsy, migraine, and 
cardiac or renal dysfunction, which might be influenced by this factor, re- 
quire careful observation. 

3. Certain patients may develop undesirable manifestations of exces- 
sive estrogenic stimulation, such as abnormal or excessive uterine bleed- 
ing, mastodynia, etc. 

4. Oral contraceptives appear to be associated with an increased inci- 
dence of mental depression. Although it is not clear whether this is due to 
the estrogenic or progestogenic component of the contraceptive, patients 
with a history of depression should be carefully observed. 

5. Preexisting uterine leiomyomata may increase in size during estro- 
gen use. 

6. The pathologist should be advised of the patient's use of estrogen 
a when relevant specimens are submitted. 

7. Patients with a past history of jaundice during pregnancy have an in- 
creased risk of recurrence of jaundice while receiving estrogen-containing 
oral contraceptive therapy. If jaundice develops in any patient receiving 
oraga, the medication should be discontinued while the cause is inves- 
tigated. 

8. Estrogens may be poorly metabolized in patients with impaired liver 
function and they should be administered with caution in such patients. 

9. Because oogen influence the metabolism of calcium and phos- 
phorus, they should be used with caution in patients with metabolic bone 
diseases that are associated with hypercalcemia or in patients with renal 
insufficiency. 

B. Information for the Patient. See text of Patient Package Insert which 
appears after PHYSICIAN REFERENCES. 

C. Drug Interactions. The concomitant use of any drugs which can induce 
hepatic microsomal enzymes with estrogens may produce estrogen levels 
peer i lower than would be expected from the dose of estrogen admin- 
istered. 

The use of broad spectrum antibiotics which profoundly effect intesti- 
nal flora may influence the absorption of steroidal compounds including 
the estrogens. 

Diabetics receiving /nsu/in may have increased insulin requirements 
when receiving estrogens. 

Laboratory Test Interference. Certain endocrine and liver function tests 
may be affected by estrogen-containing oral contraceptives. The following 
similar changes may be expected with larger doses of estrogen: 

a. Increased sulfobromophthalein retention. 

„b. Increased prothrombin and factors VII, VIII, IX, and X; decreased an- 
lithrombin 3; increased norepinephrine-induced platelet aggregability. 

c. Increased thyroid binding globulin (TBG) leading to increased cir- 
culating total thyroid hormone, as measured by PBI, Tå by column, or T4 
si radioimmunoassay. Free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered. 

d. Abnormal glucose tolerance test results. 

e. Decreased pregnanediol excretion. 

f. Redyced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phospholipid concentration. 

D. Carcinogenesis. Studies have shown an increased risk of endometrial 
cancer in postmenopausal women exposed to exogenous estrogens for 
prolonged periods (see Boxed Warning). At the present time there is no 
conclusive evidence that estrogens given to postmenopausal women in- 
crease the risk of cancer of the breast. There are, however, a few retro- 
spective studies which suggest a small but statistically significant increase 
in the risk factor for breast cancer among these women. (See “WARN- 
INGS” section.) 

E. Pregnancy. Pregnancy Category X. See “CONTRAINDICATIONS" section 
and Boxed Warning. 

F. Nursing Mothers. Estrogens have been reported to be excreted in 
human breast milk. Caution should be exercised when OGEN is adminis- 
tered to a nursing woman. 

G. Pediatric Use. Because of the effects of estrogens on epiphyseal clo- 
sure, they should be used judiciously in young patients in whom bone 
growth is not complete. 







ADVERSE REACTIONS f | ; 
(See Warnings regarding reports of possible induction of neoplasia, un- — 
known effects upon the fetus, increased incidence of gall bladder disease, 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions in decreas» 
ing order of severity within each category have been reported with es- 
trogenic therapy, including oral contraceptives: ~~. 

1. Genitourinary system. 

Increase in size of uterine fibromyomata. 

Vaginal candidiasis. 4 

Cystitis-like syndrome. 

Dysmenorrhea. 

Amenorrhea simka and after treatment. 

Change in cervical eversion and in degree of cervical secretion. 

Breakthrough bleeding, spotting, change in menstrual flow. 

Premenstrual-like syndrome. 

2. Breast. 

Tenderness, enlargement, secretion. 

3. Gastrointestinal. 

Cholestatic jaundice. 

Vomiting, nausea. 

Abdominal cramps, bloating. 


4. Skin. 3 
Hemorrhagic eruption. A 
Erythema nodosum. ><a 
Erythema multiforme. he 
Hirsutism. pi. 


Chloasma or melasma which may persist when drug is discontinued. 
Loss of scalp hair. 
5. Eyes. 
Steepening of corneal curvature. 
Intolerance to contact lenses. 
. CNS. 


Chorea. 

Mental depression. 

Migraine, dizziness, headache. 
7. Miscellaneous. 

Aggravation of porphyria. 
Edema. 

Reduced carbohydrate tolerance. 
Increase or decrease in weight. 

Changes in libido. 


OVERDOSAGE e? 
Numerous reports of ingestion of large doses of estrogen-containing oral 
contraceptives by young children indicate that serious ill effects do not 
occur. Overdosage of estrogen may cause nausea and withdrawal bleeding — 
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For treatment of moderate to severe vasomotor symptoms, atrophic 
vaginitis, or kraurosis vulvae associated with the menopause. Ls: 
he lowest dose that will control symptoms should be chosen and medi- 
cation should be discontinued as promptly as possible. SS 
Administration should be cyclic (e.g., 3 weeks on and 1 week off). a 

Attempts to discontinue or taper medication should be made at3to6 
month intervals. es} 
Usual dosage ranges: PTEN 

Vasomotor yg et —One OGEN 625 Tablet to one OGEN 5 =~ 
Tablet per day. The lowest dose that will contro! symptoms should be Se 
chosen. If the patient has not menstruated within the last two months or = 
more, cyclic administration is started arbitrarily. If the patient is menstruat- = 
ing, cyclic administration is started on day 5 of oy, En. 

Atrophic vaginitis and kraurosis vulvae — One UGEN 625 Tablet to va 
one OGEN 5 Tablet daily, mii upon the tissue response of the indi; = 
vidual patient. The lowest dose that will control symptoms should be 
chosen. Administer cyclically 
2. Given cyclically: ay 

Female hypogonadism; female castration; primary ovarian failure. “ua 
Usual dosage ranges: w 

Female eon — A daily dose of one OGEN 1.25 Tablet to 
three OGEN 2.5 Tablets may be given for the first three weeks of a theo- 
retical cycle, followed by a rest period of eight to ten days. The lowest 
dose that will control symptoms should be chosen. If bleeding does not 
occur by the end of this period, the same dosage schedule is repeated. The ~ 
number of courses of estrogen therapy necessary to produce bleeding may 
vary depending on the responsiveness of the endometrium. If satisfactory — 
withdrawal bleeding does nat occur, an oral progestogen may be given in 
addition to estrogen during the third week of the cycle. 

Female castration and primary ovarian failure —A daily dose of one 
OGEN 1.25 Tablet to three OGEN 2.5 Tablets may be given for the first 
three weeks of a theoretical cycle, followed by a rest period of eight to 
ten days. Adjust dosage upward or downward according to severity of 
symptoms and response of the patient. For maintenance, adjust dosage to 
lowest level that will provide effective control. Pa, 

Treated patients with an intact uterus should be monitored closely for 
signs of endometrial cancer and appropriate diagnostic measures should 
be taken to rule out malignancy in the event of persistent or recurring ab- 
normal vaginal bleeding. P 
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may occur in females. he- 
DOSAGE AND ADMINISTRATION EY 
1. Given cyclically for short-term use: mel 
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OGEN (estropipate tablets, USP) is supplied as OGEN 625 (0.75 mg estro- j 
pipate), yellow tablets, NDC 0074-3943-04; OGEN 1.25 (1.5 mg estropi 
pate), peach-colored tablets, NDC 0074-3946-04; OGEN 2.5 (3 mg estro- = 
pipate), blue tablets, NDC 0074-3951-04; and OGEN 5 (6 mg estropi; 
pate), light green tablets, NDC 0074-3958-13. Tablets of all four dosage 
levels are standardized to provide uniform estrone activity and are = 
pease (Divide-Tab®) to provide dosage flexibility. All tablet sizes of 
GEN are available in bottles of 100. j 
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Why risk significant 


Bacteroides fragilis 





Cefotan has gaps‘ in its coverage 
of these B. fragilis group** organisms. 


MEFOXIN does not. 


Clinical indications for intraabdominal infections* 


Cefotan” Mefoxin 


° (cefotetan disodium] (Cefoxitin Sodium|MSD} 


Bacteroides species 


including B. fragilis* 


B. thetaiotaomicron 


B. vulgatus* 





tMEFOXIN is indicated for the treatment of intraabdominal **These organisms, formerly considered subspecies of 
infections, including peritonitis and intraabdominal B. fragilis, have been given species status; however, 
abscess, caused by Escherichia coli, Klebsiella species, because of similarities in their clinical significance and 
Bacteroides species including the Bacteroides fragilis laboratory characteristics, they are often considered 
group (B. fragilis, B. distasonis, B. ovatus, together as the “B. fragilis group.” 
B. thetaiotaomicron, B. vulgatus), and Clostridium species. +The prescribing information for Cefotan lists no specific 


+ Cefotan is a registered trademark of ICI Americas Inc. indication for infections caused by this organism. ' 


gaps'in 


coverage? 





Conclusion: Cefotan is not 
equal to MEFOXIN in activity** 
against the B. fragilis group. 


All five of these Bacteroides 
are proven pathogens. 


The evidence is conclusive. 


fact: At one institution, B. distasonis, B. ovatus, 
B. thetaiotaomicron, and B. vulgatus accounted for 
60% of the B. fragilis group isolates from 

185 intraabdominal infections.” 


fact: B. fragilis and B. thetaiotaomicron are 
species of great clinical significance and are present 
in most intraabdominal infections. $ | ) e;° S e MSD 
fact: Rosenblatt also isolated all five of these È Xitin od IUI | | 

Bacteroides from clinical specimens at a major 

teaching institution.’ 





fact: Chow and Guze reported bacteremia and 
sepsis due to each of these five members of the 
B. fragilis group.* 


fact: The prescribing information for Cefotan 


specifically states that most strains of B. distasonis, MEFOXIN is contraindicated in patients who have shown 
B. ovatus, and B. thetaiotaomicron are resistant.’ hypersensitivity to cefoxitin and the cephalosporin group of 


fact: The absence of susceptibility of these antibiotics. Before therapy with MEFOXIN is instituted, 


Barisioid i Cef ee careful inquiry should be made to determine whether the 
acteroides fragilis species to Cefotan clear y patient has had previous hypersensitivity reactions to 
shows that Cefotan does not have the same 


cefoxitin, cephalosporins, penicillins, or other drugs. 
anaerobic spectrum as MEFOXIN. Y À À 
Pseudomembranous colitis, from mild to life-threatening 


in severity, has been reported with virtually all antibiotics 

(including cephalosporins); therefore, it is important to 

++/n vitro activity does not necessarily imply in vivo effectiveness. consider its diagnosis when diarrhea develops in association 
|. Prescribing information for Cefotan (Stuart), March 1986. with antibiotic use. 


2. Sutter, V.L. et al.: Wadsworth Anaerobic Bacteriology Manual, 
4th ed., Belmont, CA, Star Publishing Co., 1985, p. 8. 


*i.e., B. distasonis, B. ovatus, and B. thetaiotaomicron 


3. Rosenblatt, J.E.: Anaerobic bacteria, in Laboratory Procedures M S D 

in Clinieal Microbiology, ed. J.A. Washington, New York, SS ae 

Springer-Verlag, 1981, pp. 309-364. ERCK _ ForaBrief Summary of 

4. Chow, A.W. and Guze, L.B.: Bacteroidaceae bacteremia: Clinical HAR Prescribing Information, 
experience with 112 patients, Medicine 53(2):93-126, 1974. HM please see following page. 
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Mefoxin ™. (cefoxitinSodium|msp) 


Indications and Usage: /reatment—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae (formerly Diplococcus pneumoniae), other streptococci (excluding 
enterococci, ®.g., Strep. faecalis), Staphylococcus aureus (penicillinase and non-penicillinase 
producing), Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides 
species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P rettgeri, and P vulgaris), and 
Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase producing) 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E. coli, Klebsiella species, Bacteroides species including the B. fragilis group,§ and Clostridium 
species. * 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 
tory disease, caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), 
Bacteroides species including the B. fragilis group,§ Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 
SEPTICEMIA caused bY Strep. pneumoniae (formerly D. pneumoniae), Staph. aureus (penicil- 
linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.§ 
de in JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing), Staph. epidermidis, streptococci (excluding enterococci, e.g., Strep. 
faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 
group,§ Clostridium species, Peptococcus species, and Peptostreptococcus species. 
Although oppropnaie culture and susceptibility studies should be performed, therapy may be 
started while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseu- 
domonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of Enterobacter clo- 
acae. Methicillin-resistant staphylococci are almost uniformly resistant to cefoxitin. 
Beret ecabons: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
iotics. 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE 10 DE- 
TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
ONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 
ported with virtually all antibiotics (including cephalosporins); therefore, itis im- 
portant to consider its diagnosis when diarrhea develops in association with 
anfibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone; in more severe Cases, 
management ie include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and protein su p ementation, and use of a drug such as oral ink ao a isolation of the patient 
may be advisable. Other causes of colitis should also be considered. 
Precautions: Genera/—Total daily dose should be reduced in patients with reduced urinary out- 
put due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
repealed evaluation of the patient's condition is essential. If superinfection occurs, take appropri- 
ale measures. y i 
Drug Interactions—\ncreased nephrotoxicity has been reported following concomitant adminis- 
tration of cephalosporins and aminoglycoside antibiotics - 
Drug/Laboratory Test Interactions—High concentrations (>100 mcg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false in- 
creases of modest degree in creatinine levels reported; serum samples should not be analyzed for 
creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
fere with measurement of urinary bail EEEO dy the Porter-Silber reaction and 
produce false increases of modest degree in levels reported. A false-positive reaction for glucose 
in urine has been observed with CLINITEST !! reagent tablets . 
Carcinogenesis, Mulagenesis, Fertility Impairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated 
with a high incidence of abortion and maternal death, neither considered teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. . ; 
Nursing Mothers—Excreted in human milk: Exercise caution 
Pediatric Use—Sately and efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months and older, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- 
quently. Local Reactions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramuscular injections. ene Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
diovascular—Hypotension. Gastrointestinal—Diarrhea, including documented pseudomembra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, 
leukopenia including pantone neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
SGPT, serum LDH, and serum alkaline phosphatase. Renal Function—Elevations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acute renal failure. 
Note: In group A ana e streptococcal infections, therapy should be maintained for at 
least 10 days to quard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. Intramuscular injections should be well within the body of a relatively large muscle 
such as the upper outer quadrant of the buttock s gluteus maximus); aspiration Is necsn to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and children 
should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles contain- 
ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


§ B. fragilis, B. distasonis, B. ovatus, B. thelaiolaomicron, B. vulgatus 
ll Registered trademark of Ames Company, Division of Miles Laboratories, Inc 


For more detailed information, consult your MSD Representative G 
or see Prescribing Information. Merck Sharp & Dohme, 
Division of Merck & Co., INC., West Point, PA 19486 J6MF48(120) DOHME 
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Regression of uterine leiomyomas after treatment with : 
gestrinone, an antiestrogen, antiprogesterone 


Elsimar M. Coutinho, M.D., Genevieve Azadian Boulanger, M.D., and 


Maria Tereza Gonçalves, M.D. 


Salvador, Bahia, Brazil 


Ninety-seven women, aged 18 to 53 years, with uterine leiomyomas diagnosed by bimanual palpation and 
ultrasonography, were treated for 4 to 13 months with gestrinone, a potent steroidal, antiestrogen, 
antiprogesterone. Thirteen women were <30 years old and six 50 years old or older. Forty-six women 
were 30 to 40 years old and 32 others were 40 to 50 years old. Sixty-one women were nulliparous. 
Patients were divided in a random fashion into three groups according to treatment schedule. In group A, 
34 patients received capsules containing 5 mg of gestrinone twice weekly. In group B, 36 patients received 
2.5 mg capsules three times weekly. In group C, 27 patients were instructed to insert 2.5 mg tablets in the 
vagina three times weekly. Uterine volume was measured by ultrasonography before and at the end of 
treatment. At the end of 4 months, uterine volume fell from 303 to 251 cm? in group A, from 361 to 266 
cm? in group B, but increased from 371 to 387 cm? in group C. For those patients treated for 10 (+1) 
months, mean uterine volume fell from 368 to 282 cm? in group A and from 384 to 327 cm? in group B, but 
increased from 262 to 290 cm° in group C. Mean uterine volume of patients who were treated for 13 (+1) 
months also fell from 325 to 259 cm’ in group A, from 416 to 268 cm? in group B, and from 406 to 399 
cm? in group C. Changes in uterine volume measured at the time of discontinuation for the various groups 
revealed volume decrease in 71 and increase or no change in 26. Differences between groups A, B, and 
C were statistically significant when comparisons were made at 4 and 13 months. Uterine bleeding ceased 
by the second month of treatment in half the patients initially complaining of menometrorrhagias. After 4 
months of treatment, 95% of the women were amenorrheic. Hemoglobin increased in 85 of 90 patients for 
whom values were available before treatment began. Both dyspareunia and chronic pain were significantly 
reduced by the gestrinone treatment. Androgenic side effects such as seborrhea, acne, and hirsutism, 
whenever they occurred, were benign and reverted soon after discontinuing the medication. (Am J OBSTET 


GYNECOL 1986;155:761-7.) 


Key words: Uterine leiomyomas, gestrinone treatment, endometrial atrophy, uterine 


shrinkage, fertility restoration 


Although the etiology of leiomyomas is unknown, 
both clinical and biochemical evidence tend to implicate 
estrogens as the single most important factor in the 
pathogenesis of these tumors." ? Progesterone, on the 
other hand, has been reported to counteract the stim- 
ulating effects of estrogen on myoma development and 
growth, but attempts to use progestins in the treatment 
of leiomyomas have proved disappointing. Goodman’? 
reported six cases of clinically diagnosed uterine leio- 
myomas which regressed following therapy with pro- 
gesterone, but his study was based on pelvic exami- 
nation and was poorly documented. Segaloff et al.’ 
were unable to find radiographic or microscopic evi- 
dence of involution of myomas in women treated by 
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progesterone before hysterectomy, and Goldzieher 
et al.’ reported in 1966 that continuous administration 
of 2 mg of estrogen-free norethindrone daily for pe- 
riods of | to 3 months had no effect on uterine my- 
omas in 14 women. The same authors reported, how- 
ever, that medrogestone (6,17-dimethyl-6-progester- 
one) given in the very high dose of 25 mg daily for 21 
days evoked intense degenerative changes in both small 
and large myomas exceeding those seen at the end of 
pregnancy; the changes induced by medrogestone pro- 
gressed to fibrosis and hyalinization.’? Thus it is not 
surprising that, despite the large number of progestins 
and 19-norsteroids made available to clinicians during 
the last 20 years, no other serious attempts to treat 
myomas with new potent progestins were made. 

In 1981 we proposed long-term use of an antiestro- 
gen, antiprogesterone, R-2323, to conservatively treat 
leiomyomas in young women desirous of fertility. One 
such patient, infertile because of a large serous leio- 
myoma, conceived after prolonged (2 years) treatment 
with gestrinone (R-2323), Treatment with gestrinone 
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Table I. Uterine volume according to group before and at the end of 4 months of gestrinone treatment 






Group 


Measurement 


Median 
Range 
C N 
Mean 
SD 
Median 
Range 


Uterine volume before treatment 
(cm*) 





Uterine volume after treatment 
(cm’) 


34 33 
303 251 
178 165 
258 213 

99-775 58-677 
36 36 
361 266 
293 229 
285.5 169.5 
71-1346 49-1061 
27 26 
371 387 
271 329 
289 297 
89-1154 67-1367 





Analyses of covariance of A and B as compared to C were statistically significant with p = 0.047. 


Table II. Uterine volume according to group at 10 months (+ 1 month) 





Median 
Range 
C N 
Mean 
SD 
Median 
Range 


Uterine volume before treatment 
(cm’) 





Uterine volume after treatment 
(cm’) 





7 7 
368 282 
200 225 
436 153 
119-620 67-677 
15 15 
384 327 
328 292 
244 174 
90-1255 92-1061 
10 9 
262 290 
183 271 
242 207 
89-729 67-950 





Analysis of covariance revealed no statistically significant difference between groups A, B, and C. 


not only allowed reestablishment of patency of tubes 
previously blocked by the tumor in that patient but also 
suppressed menorrhagia, allaying the need for an al- 
most inevitable hysterectomy. The successful treatment 
in this patient encouraged us to try the same therapy 
on other patients having leiomyomas of various types 
and sizes in order to evaluate the potential of this drug 
as a conservative treatment of these benign but poten- 
tially hazardous tumors. The present study reports a 
clinical trial involving 97 leiomyoma patients who were 
treated with gestrinone for 4 to 13 months. 


Patients and methods 


Ninety-seven women, aged 18 to 53 years, with uter- 
ine leiomyomas diagnosed by bimanual palpation and 
ultrasonography, were enrolled in this trial. Thirteen 
women were <30 years old and six were 250 years. 
Forty-six women were 30 to 40 years old, and the 
other 32 were 40 to 50 years old. Only patients dis- 


playing symptoms such as bleeding irregularities, dys- 
pareunia, or pelvic discomfort were admitted. The 
women had menorrhagia (90 women), metrorrhagia 
(80 women), and/or intermenstrual bleeding or spot- 
ting (22 women). Fifty-one subjects had complaints of 
pain or abdominal discomfort. Thirty-six women had 
already had one or more term pregnancies, whereas 
61 were nulliparous. Involuntary infertility of >2 years’ 
duration was reported by 62 women. Twenty-six of 
these reported one or multiple spontaneous abortions 
or stillbirths. 

Patients were admitted in a random fashion into one 
of three groups. In group A, 34 patients received cap- 
sules containing 5 mg of gestrinone (Roussel-Uclaf, 
Paris, France) twice weekly by oral route. In group B, 
36 patients received 2.5 mg capsules three times weekly 
also by oral route. In group C, 27 patients were in- 
structed to insert tablets containing 2.5 mg of gestri- 
none in the vagina three times weekly. Age distribution, 
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Table III. Uterine volume according to group before and at the end of 13 months (+1 month) of 
gestrinone treatment 


Uterine volume before treatment Uterine volume after treatment 
Group Measurement (cm?) (cm*) 








A 17 

259 

158 

224 

Range 99-775 61-613 

B N 13 13 
Mean 416 268 } 
SD 316 190 n 
Median 345 205 4 
Range 135-1346 80-774 ‘ 
C N 9 9 4 
Mean 406 399 h 
SD 291 266 . 
Median 409 362 d 
Range 90-968 77-833 A 
Analysis of covariance after logarithmic transformation of the data. Values for A and B significantly different from C with 3 
p = 0.04. l 


in the three groups was comparable. In group A, mean 
age was 37.76 years (range, 18 to 53). In group B, the 
mean age was 37.17 years (range, 24 to 52) and in group 
C, the mean age was 37.32 years (range, 25 to 53). 

The main criterion of efficacy was reduction in uter- 
ine volume as measured by ultrasonography. Two or 
more ultrasonographic evaluations (ADR SL 4000) 
were made before starting treatment in order to obtain 
the mean of three uterine diameters: anteroposterior, 
longitudinal, and transverse. The product of the three 
values was then multiplied by the constant 0.45 to pro- 
vide the estimated uterine volume. Logarithmic trans- 
formation was made on the data to equalize variance 
of the three treatment groups and to achieve a normal 
distribution inside each treatment group. Analyses of 
covariance were carried out with the initial volume as 
covariant and with factor of treatment. Pairwise com- 
parisons were carried out on least square means ac- 
cording to Tukey’s procedure. Homogeneity of regres- 
sion was checked at every step and satisfied. The x’ test 
was used to evaluate percentages of response categories 
between the groups. The mean normal uterine volume 
in our clinic population has been established over the 
last 2 years as being between 64 and 82 cm*. Hematocrit, 
red blood cell count, and hemoglobin were measured 
before and at the end of treatment. 


between groups A, B, and C were statistically significant 
(p = 0.047). The range of values and means with stan- 
dard deviation for each one of the three groups is 
shown in Table I. 

Seventy-two patients remained on treatment beyond 
4 months. Thirty-two women discontinued treatment 
at 9 to 11 months and were reevaluated before being 
discharged. Seven of these were in group A, 15 in 
group B, and nine in group C. Mean uterine volume 
of the seven patients of group A decreased from 368 
to 282 cm’. In group B mean uterine volume fell from 
384 to 327 cm’, whereas in group C mean uterine vol- 
ume increased from 262 to 290 cm*. Table II shows 
range, means, and standard deviation of uterine vol- 
ume for these three groups of patients. 

The remaining 40 patients were treated for 12 to 14 
months and reevaluated only at the end of treatment. 
Two patients became pregnant before reevaluation of 
their nonpregnant uterine volume could be made. 
Mean uterine volume of 17 patients of group A de- 
creased from 325 to 259 cm’. Mean uterine volume of 
13 patients in group B decreased from 416 to 268 cm’. 
In nine patients of group C the mean uterine volume 
was almost unchanged: 406 cm’ at the beginning and 
399 cm* at the end of treatment. Differences between 
groups A, B, and Care significant with p = 0.04. Values 
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for the groups treated for one year or longer are shown 5 
Results in Table III. | 
All patients completed at least 4 months of treatment. For all groups, changes in uterine volume measured 


Uterine volume was estimated at the end of this period 
for all except two patients who were unavailable. Fol- 
lowing 4 months of treatment, mean uterine volume 
fell from 303 to 251 cm* in group A and from 361 to 
266 cm? in group B. In group C, the mean uterine 
-volume increased from 371 to 387 cm’. The differences 


at the time for discontinuation revealed that volume 
was increased or unchanged in 26 women and de- 
creased in 71 women. In group A uterine volume de- 
creased in 26 patients, whereas it increased or was un- 
changed in eight. In group B uterine volume decreased 
in 30 patients and increased or was unchanged in only 
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Fig. 1. A, Longitudinal real-time ultrasound scan of a myo- 
matous uterus in a 31-year-old symptomatic patient. Uterine 
volume is 143 cm’. B, Ultrasound scan of same patient, asymp- 
tomatic after 7 months of gestrinone treatment (5.0 mg twice 
weekly orally). Uterine volume is 97 cm”. C, Ultrasound scan 
of same patient after 14 months of treatment. Uterine volume 
is 89 cm’. Note progressive reduction in uterine volume and 
disappearance of myomatous mass. 


six. In group C uterine volume increased or was un- 
changed in 12, having decreased in 15. 

Inspection of ultrasonographic pictures of individual 
cases revealed shrinkage of both myomatous nodules 
and normal myometrial tissue (Fig. 1). In most cases 
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Fig. 2. A, Longitudinal real-time ultrasound scan of a myo- 


matous uterus of a 35-year-old symptomatic patient. Uterine 
volume is 309 cm’. B, Ultrasound scan of same patient after 
8 months of gestrinone therapy (5 mg twice weekly). Patient 
is symptom-free. Uterine volume is 147 cm’. Note the marked 
reduction in uterine volume and the involution of myomatous 
masses. 


where myomatous nodules protrude from the uterine 
profile, shrinkage of the tumor itself could be clearly 
demonstrated (Fig. 2). Manual palpation revealed not 
only reduction in uterine volume but marked softening 
of tumoral masses in most patients of groups A and B. 
Even in patients whose uterine volume underwent little 
change, softening of hard uterine masses occurred. 

Uterine bleeding ceased by the second month of 
treatment in approximately half of these patients com- 
plaining of menometrorrhagias on inclusion. Of a total 
of 80 patients having such a complaint, 42 (52%) be- 
came amenorrheic before completing 2 months of 
treatment. By the end of 4 months of treatment 76 
women (96%) were amenorrheic; by the end of 12 
months, of the 54 patients remaining under treat- 
ment, 50 (92%) were amenorrheic. The disappearance 
of uterine bleeding according to treatment group is 
shown in Table IV. 

Spotting was markedly diminished during treatment. 


Volume 155 
Number 4 


Regression of leiomyomas treated with gestrinone $ 765 


Table IV. Disappearance of menstrual bleeding including menorrhagia and metrorrhagia when i pr esent al 


the beginning of treatment 


A 12/27 25/26 
B 16/30 28/30 
è 14/23 23/23 


Length of treatment (mo) 


‘Il or 12 

96/26 91/21 18/18 
26/30 24/25 j 17/21 

» 23/23 . 18/19 15/15 


Table shows the number of patients no longer bleeding compared to the number of patients who originally reported either 
menorrhagia or metrorrhagia (for example, only 12 of 27 patients of group A had ceased bleeding at the end of 2 months, while 


18 of 18 were amenorrheic at the end of 12 months). 


Table V. Disappearance of spotting according to treatment group 






A 4/6 3/6 
B 7/1) 7/11 
Ë 5/5 3/4 


Length of treatment (mo) 
5 or 6 






10, 11, or 12 







5/6 5/5 
9/11 8/10 
3/4 3/3 





Numbers indicate patients who ceased spotting compared to patients having the complaint before treatment began. 


At the end of 1 to 2 months of treatment, 16 of 22 
patients presenting this complaint on admission had 
stopped spotting. At the end of 12 months of treatment, 
16 of 18 patients who complained of spotting at the 
beginning and who'remained in the study had stopped 
spotting. Table V shows the disappearance of spotting 
according to treatment group and duration of the 
treatment. | 
Hemoglobin increases occurred in 85 of 90 patients 
for whom values were available before treatment began 
and following discontinuation. In four patients he- 
moglobin levels decreased further during treatment, 
and in only one were values unchanged. Red blood cell 
count increased in 54 patients, remained the same in 
21, and decreased in 15. Hematocrit value increased in 
65, remained the same in 18, and decreased i in 7. Mean 
red blood cell count increased from 3,856,000 mm* to 
4,013,000 mm? at the time of discontinuation. Hemo- 
globin likewise increased from a mean of 12.38 gm at 
the beginning of the trial to 13.16 gm at the end. He- 
matocrit increased from a mean of 36.9% to 38.4%. 
Dyspareunia also diminished during treatment. At 
the end of 2 months of treatment, 12 patients of 41 
who complained of dyspareunia on admission reported 
complete disappearance of pain or discomfort during 
coitus, At 6 months the number of patients reporting 
disappearance of dyspareunia had increased to 27. At 
12 months, 19 of 24 of those who complained of dys- 
pareunia at the beginning and who remained in the 
study reported no discomfort or pain during inter- 
course, Table VI shows the evolution of dyspareunia 
in the various treatment groups during treatment. 
.Chronic pain unrelated to coitus had also been reduced 


1 


by the treatment in every one of the groups, as shown 
in Table VII. Although only 18 of 4] patients who 
complained of chronic pain at the beginning reported 
cessation of pain at the end of 2 months of therapy, all 
25 remaining in the study at the end of 1 year were 
pain free. Changes in body weight were moderate. A 
mean increase of 2 kg occurrec in patients treated 
orally and 1 kg in patients treated vaginally. Only 13 
patients, all in groups A and B, gained 3 kg during 
the treatment period. No relevant changes in blood 
pressure were noted. Mean systolic pressure at the be- 
ginning of the trial for all treatment groups was 120 
mm Hg at the beginning and 122 mm Hg at the end. 
Only one patient developed hypertension. This pa- 
tient’s systolic pressure increased from 127 mm Hg at 
the beginning of treatment to 155 mm Hg after 1 year. 

After discontinuation of treatment I] women be- 
came pregnant: four in group A, six in group B, and 
one in group C. Eight pregnancies continued to term. 
The other three ended prematurely, with two of these 
being stillbirths. All eight pregnancies occurred in 
women who were <40 years of age and who had been 
treated for at least 4 months. 

Undesirable side effects included seborrhea and 
acne, which affected approximately 40% of all patients, 
and muscular and joint pain, which was reported by 
14% of all- patients. Joint pain was reported as having 
a rheumatic nature and responded favorably to treat- 
ment with antiinflammatory compcunds and analgesics 
such as aspirin, indomethacin, or piroxicam.Less com- 
mon complaints were curling of hair (three patients), 
chloasma (five), moderate hirsutism (5), nervousness 
(4), increased libido (4), decreased libido (3), hair loss 
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Table VI. Disappearance of dyspareunia during gestrinone treatment 


_ Length of treatment (mo) 


3 or 4 
A 3/13 2/12 17 
B 4/15 7115 47 
C 5/13 10/12* 83 





5or€ 10, 11, or 12 
5/13 5/10 5/7 

10/15 9/1] 9/9 
19/18 9/11 5/8 


Numbers indicate patients who no longer had the complaint compared to patients originally complaining of dyspareunia. 


*p = 0.005 (x? test). 


Table VII. Disappearance of chronic pelvic pain during gestrinone treatment 







Length of treatment (mo) 


A 9/15 14/15 
B 8/15 12/15 
C 8/11* 10/11 







10,11, or 12 


14/14 11/11 717 
15/15 11/15 11/1] 
11/11 10/10 1 


Figures indicate patients reporting cessation of pain compared to patients originally complaining of pelvic pain. unrelated to 


coitus. 
tp = 0.007 (x* test). 
{Not significant. 


(6), and hoarseness (6). Some of these side effects oc- 
curred in the same patients. Fifty-three patients re- 
ported no undesirable side effects. 

Only a few patients discontinued because of Side ef- 
fects such as acne and seborrhea or because the treat- 
ment failed to alleviate symptoms. Most patients dis- 
continued therapy bécause they considered themselves 
cured of their major complaint, that is, excessive irreg- 
ular uterine bleeding and/or abdominal discomfort. 
For this reason many women discontinued therapy 
even when ultrasonography revealed moderate or no 
improvement. Persistence of symptoms such as bleed- 
ing or dyspareunia accounted for only five of 25 pa- 
tients discontinuing therapy at 4 months. Androgenic 
side effects, such as seborrhea, hirsutism, or hoarse- 
ness, were considered compelling reasons for discon- 
tinuation by only two patients. Another two patients, 
despite significant improvement, opted for surgical 
treatment on their private gynecologist’s or family doc- 
tor’s advice. 


Comment 


Gestrinone is a trienic 19-norsteroid with potent an- 
tiestrogenic and antiprogesterone properties. The drug 
was developed originally as a long-acting contracep- 
tive, either as a pill for once-a-week administration or 
as an implant for subdermal application, effective for 
1 year.” ® Because of its marked inhibitory effects on 
estrogen and progesterone receptor—rich tissues such 
as the endometrium and mammary gland, gestrinone 
has been used successfully in the treatment of endo- 
metriosis and benign breast disease.” '° 


The present study shows that prolonged gestrinone 
treatment may also cause the growth of uterine myomas 
to revert. More important, gestrinone treatment pro- 
vides effective control of excessive bleeding associated 
with those tumors. The compound also inhibits gonad- 
otropin secretion, disallowing, ovulation and corse- 
quently preventing the occurrence of menstruation. In- 
hibition of gonadotropin secretion is just one of the 
mechanisms by which gestrinone treatment reduces 
bleeding. The quickness of the suppression of uterine 
bleeding points to a direct inhibiting effect on the en- 
dometrium. Prolonged treatment appears to induce en- 
dometrial atrophy, suppressing intermenstrual bleed- 
ing and spotting, which probably originates in hyper- 
plastic endometrium, and stands out as one of the most 
distressing features of the disease. The long-lasting 
amenorrhea developing during gestrinone treatment 
is in fact the most rewarding effect for both patient 
and physician because it removes the urgency for sur- 
gical intervention and allows restoration of depleted 
iron reserves in anemic patients. 

. The vaginal route of administration, which was pro- 
posed as an alternative for those patients who devel- 
oped gastric intolerance to steroids and as a practical 
means to bypass the liver and increase bioavailability of 
the drug, turned out to be less effective than expected. 
Althouzh blood levels of gestrinone resulting from vag- 
inal administration were sufficient to inhibit ovulation 
and prevent menstruation, they appeared to be inad- 
equate to saturate myometrial receptors and inhibit tu- 
mor growth. The relative inefficiency of the vaginal 
route in reducing uterine volume, which may be ex- 
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plained either by inadequate blood levels resulting 
from insufficient vaginal absorption or by the inappro- 
priateness of dosage, have in fact turned the group of 
patients treated by the vaginal route into a control 
group. 

Although the number of successful pregnancies was 
small, it should be noted that of those €2 women who 
reported involuntary infertility before gestrinone ther- 
apy, probably less than half that number still had the 
potential or the desire to conceive. Many were more 
than 40 years old, and others had bilateral tubal occlu- 
sion or troubles with ovulation in addition to their 
leiomyomas. Some had infertile or subfertile husbands, 
and a few were divorced. Moreover, at the time of the 
writing this report >40% of patients had less than 1 
year of follow-up following discontinuation. A more 
accurate evaluation of the efficacy of gestrinone ther- 
apy will require careful selection of cases, since factors 
such as the patients age and the tumor’s size and re- 
cency appear to influence therapeutic response. 

Although other possible mechanisms of inducing 
shrinkage of myomas may be achieved by creation of 
an artificial menopause through pituitary desensitiza- 
tion by luteinizing hormone—releasing hormone ana- 
logs, the results of the present trial show that gestrinone 
treatment achieves, in addition to a reduction in tumor 
size, prompt suppression of excessive bleeding and re- 
lief of pain, without the inconvenience of menopausal 
symptoms that may develop when luteinizing hor- 
mone-—releasing hormone analogs are used.'''* The 
treatment may also be useful in conditioning patients 
for surgery because it allows restoration of depleted 
iron reserves before and reduces risk of bleeding dur- 
ing the operation itself. 


12. 
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. Triplet pregnancy after low-dose pulsatile gonadotropin- 
releasing hormone in polycystic ovarian disease 


Marco Filicori, M.D., Laura Michelacci, M.D., Paola Ferrari, B.Sc., 
Elisabetta Campaniello, M.D., Anna Pareschi, M.D., and Carlo Flamigni, M.D. 


Bologna, Italy 


in a patient with polycystic ovarian disease, low-dose intravenous pulsatile gonadotropin-releasing. 
hormone (5 mcg every hour) and no exogenous human chorionic gonadotropin induced multiple follicular 
development and elevated estrogen levels and resulted in a triplet pregnancy. Patients with polycystic 
ovarian disease may have a higher risk of complications and should be monitored more closely during 
ovulation induction with pulsatile gonadotropin-releasing hormone. (Am J OBsTET GYNECOL 1986; 


155:768-9.) 


Key words: Triplet pregnancy, pulsatile GnRH, PCOD, ovulation induction 


Induction of ovulation with pulsatile gonadotropin- 
releasing hormone (GnRH) has recently emerged as an 
effective, more physiologic, and safer alternative to hu- 
man menopausal gonadotropins. However, it is also 
becoming evident that in a limited number of patients 
relevant complications may result from this new treat- 
ment. This is the first report of a triplet pregnancy 
resulting from pulsatile GnRH in a patient with poly- 
cystic ovarian disease. 


Case report 


Patient M. M. had spontaneous menarche at 14, fol- 


lowed by repeated periods of secondary amenorrhea. 
At 21 she was found to have elevated luteinizing hor- 
mone and testosterone plasma levels and an exagger- 
ated gonadotropin response to a GnRH test. In 1985, 
at age 27, the patient weighed 57.5 kg and was 165 cm 
tall; she had modest facial acne and was moderately 
hirsute. A pelvic ultrasound examination showed en- 
larged ovaries (18.1 cm? on the right, 19.1 cm* on the 
left) with a polycystic structure. Plasma hormone de- 
terminations showed the following levels: luteinizing 
hormone, 30.1 mJU/ml (normal 5 to 15); follicle-stim- 
ulating hormone, 11.1 mIU/ml (5 to 15); estradiol, 70 
pg/ml; progesterone, 0.3 ng/ml; testosterone, 45 ng/dl 
(27 to 35); androstenedione, 312 ng/dl (130 to 180); 
dehydroepiandrosterone sulfate, 4.8 mcg/ml (0.9 to 
3.6); prolactin and thyroid hormone levels were nor- 
mal. A low-dose regimen of GnRH (5 mcg per bolus) 
was infused intravenously at l-hour intervals via the 
Zyklomat pump (Ferring GmbH, Kiel, West Germany) 
to induce ovulation. Daily plasma gonadotropin and 
gonadal steroid levels are depicted in Fig. 1. Pelvic ul- 
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Fig. 1. Daily plasma levels of luteinizing hormone (LH), fol- 
licle-stimulating hormone (FSH), estradiol (E2), and proges- 
terone (P) in Patient M. M. during induction of ovulation with 
pulsatile GnRH (5 mcg at 1-hour intervals). The days of the 
treatment cycle are referred to the midcycle gonadotropin 
surge. 


trasound examination on day ~5 showed numerous 
(~16) follicles <10 mm in diameter, while on day — 3 
further ovarian enlargement had occurred (43.4 cm’ 
on the right, 28.8 cm® on the left) with the bilateral 
development of at least four follicles of 13 to 18 mm. 
The patient was informed of the possibility of multiple 
conception but nonetheless decided to continue treat- 
ment. No clinical or subjective signs of ovarian hyper- 
stimulation were noticed. The plasma level of the Be 
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subunit of human chorionic gonadotropin was 70 mU/ 
ml on day +12 and pulsatile GnRH was discontinued 
on dav + 13. An ultrasound examination performed in 
the tenth week after conception showed three separate 
gestational sacs, each containing a viable embryo with 
regular heartbeat. 


Comment 


Although the occurrence of life-threatening ovarian 
hyperstimulation is highly unlikely, multiple pregnan- 
cies resulting from pulsatile GnRH have been reported 
in patients with hypothalamic amenorrhea." However, 
in previous studies relatively large doses of intravenous 
GnRH (15-20 meg) were used, and Bogchelman et al.’ 
also used 10,000 U of human chorionic gonadotropin 
for corpus luteum support. Both factors may have con- 
tributed to cause multiple follicular development and 
superovulation. In these studies it was suggested that 
the use of lower GnRH dosages and avoidance of hu- 
man chorionic gonadotropin may prevent the occur- 
rence of multiple pregnancies. Nevertheless, in the 
present report a triplet pregnancy resulted from low- 
dose pulsatile GnRH (5 mcg) without human chorionic 
gonadotropin administration. 

In polycystic ovarian disease pituitary gonadotropin 
reserve and sensitivity to GnRH are increased. In our 
patient plasma gonadotropins rose immediately and 
strikingly during GnRH treatment, causing exagger- 
ated follicular development and excessive estradiol 
plasma levels. It is of interest that in spite of follicular 
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phase estradiol levels constantly in excess of 400 pg/ml 
the midcycle gonadotropin surge occurred only on the ` 
ninth day of treatment, in correspondence with the 
sudden increment of plasma progesterone levels from 
0.3 to 1.3 ng/ml. This finding confirms the key role of 
progesterone in the ovulatory process and demon- 
strates that positive feedback mechanisms are pre- 
served during induction of ovulation with pulsatile 
GnRH in polycystic ovarian disease. 

GnRH induction of ovulation in polycystic ovarian 
disease is associated with a higher incidence of thera- 
peutic failures than in hypogonadotropic hypogonad- 
ism. Our report suggests that these patients may also 
be predisposed to mild ovarian hyperstimulation. On 
the other hand, the absence of overt clinical signs of 
hyperstimulation indicates that pulsatile GnRH may 
not need to be discontinued, provided that the risk of 
multiple conception is understood and accepted by 
these patients. A close monitoring of ovulation induc- 
tion with pulsatile GnRH is indicated in polycystic ovar- 
lan disease. 
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Flow cytometric deoxyribonucleic acid index: A prognostic 


factor in endometrial carcinoma 


Ole E. Iversen, M.D. 
Bergen, Norway 


In a prospective study, flow cytometric deoxyribonucleic acid analyses were performed on cell samples 
from benign and malignant tumors of the endometrium and benign endometrium. No ploidy aberrations 
were found in normal endometrium. Of 52 cases with adenocarcinomas, 38 (73%) were diploid and 14 
(27%) aneuploid. Both the frequency and the degree of aneuploidy were correlated to histologic tumor 
grade but not to other prognostic variables such as International Federation of Gynecologists and 
Obstetricians stage, depth of myometrial invasion, or patient age. Patients with aneuploid tumors had a 
higher recurrence rate and shorter disease-free intervals as compared to those with diploid tumors. 
Similarly, death rates were higher and the median survival was shorter in the aneuploid group. Flow 
cytometric ploidy determination may therefore serve as an important prognostic parameter. (Am J OBSTET 


GYNECOL 1986;155:770-6.) 


Key words: Endometrial carcinoma, flow cytometry, deoxyribonucleic acid, prognosis 


An increased incidence of endometrial carcinoma has 
been reported over the past years. It has become the 
most frequent gynecologic tumor in some countries. 
With the prolonged lifie expectancy of women it will 
also be of increasing clinical importance. Although a 
favorable prognosis may be expected in most cases, 
some factors (for example, stage, tumor grade, and 
degree of myometrial invasion) are known to be pre- 
dictive of the aggressiveness of the disease to some ex- 
tent. More precise predictors of outcome would be of 
considerable value to individualize therapy. 

Chromosomal! instability leading to structural or nu- 
merical aberrations are recognized as an early feature 
of malignant transformation. Extensive cytogenetic 
studies have been carried out in a variety of tumors,' 
but the procedure is impractical for clinical purposes. 
Deoxyribonucleic acid (DNA) measurements by ab- 
sorption cytometry were found to be of prognostic 
value in endometrial carcinomas.* * The method is, 
however, too time consuming for routine use. The 
more recently developed flow cytometric technique has 
the advantages of high speed and resolution with the 
potential of being clinically useful. Some reports on its 
applicability and prognostic value in general have been 
presented,** but the information on endometrial car- 
cinoma is scarce.’ 
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The aim of this study was first to measure the cellular 
DNA content in fresh specimens of endometrial car- 
cinomas and to compare the DNA distribution patterns 
to known prognostic factors; the second part of the 
study was to analyze the clinical outcome with regard 
to the DNA ploidy status of the tumor. The study was 
coordinated with an ongoing investigation of steroid 
receptors in endometrial and ovarian carcinomas. 


Material and methods 


A prospective study was started in January 1981, cov- 
ering all patients with endometrial carcinoma referred 
to the gynecologic department of the University Clinic, 
which serves as the regional hospital in the county of 
Hordaland. Concomitantly, nonneoplastic endometrial 
samples were obtained from the upper 2 to 3 mm of 
the uterine cavity after hysterectomy for leiomyomas 
or bleeding disturbances. The sampling was done from 
macroscopically normal tissue and confirmed by mi- 
croscopic examination. 

From 57 consecutive cases of known or suspected 
endometrial carcinoma, specimens were taken fresh in 
the operation room from a site regarded to be repre- 
sentative of the lesion, after removal of the uterus. In 
six of the patients the sample was taken from a metas- 
tasis, because it was not possible to remove the uterus. 
Necrotic tissue was avoided. The sample was divided 
into three parts: one for flow cytometry, one for steroid 
receptor analysis (to be reported separately), and one 
for histologic examination. When the control micros- 
copy revealed that the sampling site was not adequate, 
the case was rejected from the study. This included five 
patients for whom microscopy of adjacent tissue re- 
vealed benign polyps (n = 2), normal endometrium, 
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Fig. 1. DNA histograms obtained from (a) normal endome- 
trium at the sixteenth day of the cycle, (b) a diploid endo- 
metrial carcinoma, (c) ascites from a patient with aneuploid 
tumor, and (d) the aneuploid endometrial carcinoma (DI = 
1.7). The proportion of cells with S-phase DNA content was 
1.7% (al, 10.4% (b), and 22.2% (d). 


(2), and mainly necrotic tissue (1), leaving 52 cases of 
endometrial carcinoma for the study of clinical and 
histopathologic correlations. In two of tne cases spec- 
imens were also obtained from metastatic tissue at a 
later relapse. A susDension of tumor cells was obtained 
by repeated syringing in physiologic saline solution. 
Therezfter the cells were spun down, fixed, and stored 
in 96% ethanol at — 20° C until assayed. 

Flow cytometric analyses. Before DNA analysis the 
ethanol was removed by centrifugation (2000 rpm for 
5 minutes), and the resuspended cells washed once in 
saline solution. Cytoplasm was removed by incubation 
with 0.5% pepsin (Rikshospitalets Apotek, The Na- 
tional Hospital, Oso) dissolved in 0.2% hydrochloric 
acid at 37° C for 30 minutes (for details, see Farsund’). 
The nuclei were washed in 0.9% saline solution and 3 
drops of ribonuclease (Sigma, 1 mg/ml in distilled wa- 
ter) were added to the pellet. DNA was stained specif- 
ically with ethidium bromide and mithramycin (10 mg 
of ethidium bromide in 1 L of Tris-buffer at pH 7.5 
mixed with 10 mg of mithramycin in 0.4 L of Tris- 
buffer at pH 7.5). Measurements were performed with 
an ICP 22 flow cytometer (Ortho Diagnostic Instru- 
ments) attached to a multichannel analyzer (Tectronix 
2102, 512 channels). The data were presented as DNA 
histograms (Fig. 1). From these histograms the pro- 
portions of cells in DNA synthesis and G,-phase were 
calculated by use of a planimetric method.? When the 
DNA histograms contained more than one identifiable 
cell population, the tumors were classified as aneuploid, 
while the others were diploid. The degree of DNA dis- 
turbances (aneuploidy) was given by the DNA-index 
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Fig. 2. Percent distribution of ploidy in 46 primary and eight 
secondary tumors (p < 0.025). 


(DI), defined as the proportion of DNA in the aneu- 
ploid tumor G,-cells (peak channel) to the DNA content 
of the diploid cells in the sample. Trout red blood cells 
with a known relative DNA content to normal endo- 
metrial cells were added to the samples before enzy- 
matic treatment and staining in order to serve as an 
internal DNA standard. The ploidy assessments were 
done without knowledge of the histologic report and 
before the clinical follow-up data were available. 
Clinical data. The disease stage was assessed accord- 
ing to the criteria of the International Federation of 
Gynecologists and Obstetricians (FIGO). As this staging 
system does not take operative and histopathologic 
findings into account, a reclassification based on this 
information was also done using the same stage defi- 
nitions. This will be referred to as the surgical stages. 
The microscopic examination and grading of the tu- 
mors were all done by one experienced pathologist, 
based on the specimens from the adjacent tissue. These 
data will be presented in detail elsewhere (Utaaker E, 
Iversen OE, Skaarland E, unpublished observations). 
No patient received preoperative radiation or hor- 


_ monal treatment, and no patient received postoperative 


adjuvant hormonal or cytotoxic treatment. Cases with 
deep myometrial invasion had either postoperative ra- 
dium applied to the vaginal vault (Mallet), or when 
this was not feasible, external pelvic irradiation was 
given. Relapses and primary disseminated disease were 
treated with medroxyprogesterone acetate, and tamox- 
ifen was used as second-line endocrine therapy. 
Statistical analysis. The Fisher's exact test was used 
for analysis of the observed frequencies of ploidy status 
related to clinical and histologic variables, and ¢ tests 
and Wilcoxon’s two-sample test were used for compar- 
ison of grouped numberical data. All testings were two 
sided. Cox proportional hazards analysis in a comput- 
erized program (BMPD2L) was used to evaluate the 
relative effect of prognostic variables on survival. 
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Fig. 3. A, Distribution of tumor ploidy to FIGO disease stage 
in 52 cases, and B, the surgical stages based on operative and 
microscopic findings in 49 patients of endometrial carcinoma. 


Results 


The DNA T were in general of wadi res- 
olution (coefficient of variation, 2.0% to 4.5%) and 
based on measurements of 10' -10° cells (Fig. 1). Some 
specimens were subjected ‘to repeated analyses before 
acceptable histograms were obtained, and a few were 
found to have persistently wide distribution (coefficient 
of variation, 7% to 8%). Thirty-six of the tumors were 
subjected to repeated analyses (range, two to eight). 
Storage of cell suspensions for >3 years did not alter 
the histograms significantly. 

In all of the 17 normal endometria and in two benign 
endometrial polyps, a unimodal! diploid DNA content 
was found. Of the 52 malignant tumors, 38 (73%) were 
diploid and 14 (27%) were aneuploid. None of the tu- 
mors were found to be hypodiploid. With the exception 
of a single case with two aneuploid populations (DI, 
1.65 and 2.34, respectively) all the aneuploid tumors 
had a modal DNA content in the diploid to tetraploid 
range (1 < DI < 2). Five (63%) of the eight specimens 
from metastases were aneuploid (Fig. 2) compared to 
10 (22%) of the 46 primary tumors (p < 0.025). The 
two tumor recurrences had ploidy identical to the cor- 
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responding primary tumors obtained at hysterectomy 
(one diploid, one aneuploid). Ascitic fluid was available 
from two patients with aneuploid tumors, and the DI 
of the tumor cells in ascites corresponded to the value 
in the tumor specimen (Fig. 1, c and d). In the aneu- 
ploid tumors two separate cell populations were always 
found. Control analysis with the internal biologic DNA 
standard identified the lower DNA peak in the histo- 
gram as the diploid one in every case. When trout red 
blood cells were used as an internal standard of DNA 
content; both the normal endometria and the diploid 
cells in the tumor samples had a relative DNA content 
5% to 7% above human leukocytes (Iversen OE, 
Laerum OD, unpublished observations), that is, their 
stainability differed slightly. In consequence, only cells 
of the same origin as the tumors, namely, normal en- 
dometrial cells, were used for calculation of the degree 
of aneuploidy expressed by the DNA index. 

Because of overlap of populations, the fraction of 
cells with S-phase DNA content could not always be 
calculated. When calculation was possible, aneuploid 
tumors were found to have an average fraction of 22.7 
(+7.3%) of cells with S- -phase DNA content (Table I) 
compared to.9.7 (+3.7%) for the diploid tumors 
(p < 0.0001, ¢ test). Normal endometria had lower val- 
ues than the diploid tumors. 

Stage. The frequency of aneuploidy i in FIGO Stages 

I (31%) and II (17%) was not significantly different 
(Table I, Fig. 3). Only one patient had more advanced 
disease on the preoperative, clinical staging. In the sur- 
gical stages in 49 evaluable patients, eight of 39 (21%) 
Stage I tumors were aneuploid as compared.to five of 
10 Stage II to IV tumors. The difference was not sig- 
nificant (p < 0.1). The FIGO stage corresponded to 
the surgical stage in only 33 cases (67%). Discrepancies 
were’ mainly found in FIGO Stage. II, with no cervical 
infiltration in the hysterectomy specimens (n = 10), 
and in cases of FIGO Stages I and H in which metastases 
were discovered at laparotomy (n = 6). The ploidy sta- 
tus was also studied in relation to the depth of myo- 
metrial invasion. No correlation was found when the 
groups with no infiltration, with infiltration less than 
half of the myometrium, and with infiltration more 
than half were compared. 

Histologic tumor grade. The frequency of aneu- 
ploidy (Fig. 4, A; Table II) was found to increase with 
the loss of tumor differentiation, from three of 30 
(10%) in grade I to seven of nine (78%) in grade Ill 
tumors (p < 0.001), It should be observed, however, 
that both diploidy and aneuploidy were seen in tumors 
with every degree of differentiation. The degree of 
DNA aberrations in the aneuploid tumors also iñ- 
creased from a median DI of 1.14 in the aneuploid 
grade I tumors to 1.47 and 1.69 in the grade II and ` 
III tumors, respectively (Fig. 4, B). The observed dif: 
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Fig. 4. A, Distribution of plorly status to tumor grade in 52 cases of endometrial carcinomas. B, 
The DNA index (D/) of each of the aneuploid tumors within each grade. The mean values are 


indicated by horizontal lines. 


Table I. Distribution of ploidy according to tumor site, FIGO and surgical stage of disease, age of patient, 


and the fraction of cells with S-phase DNA content 

















Primary 








Stage (%) 













tumors Metastases Age of patient S-phase 
(%) + (%; F H HERE i H-IV (sr) DNA content 
- Aneuploid 22 62 31 21 50 67.1 + 10.0 22.0 ei 
Diploid 78 38 69 79 50 64.0 + 11.0 2 ees Ar 
p value <0,025 NS 0.07 NS <0.0001 


ference of median DI in grade I and I-I tumors was 
significant (p < 0.025), while the differences when 
comparing grade I and II and grade H end III was of 
borderline significance (Table I). 

Age and menopausal status. Patients with diploid 
tumors had a mean age (+SD) of 64.0 + 11.0 years 
compared to 67.1 + 10.0 for the aneuplo.d group. The 
mean age for all the 52 patients was 64.7 + 10.9 years. 
Aneuploidy was found in 13 of 45 (29%) postmeno- 
pausal and one of seven (14%) of the premenopausal 
patients. The difference was not significant. 

Clinical course. Follow-up data were available for all 
patients for a median of 24 months (range, 2 to 46). 
Eleven patients died from the disease in the observation 
period (Table III, Fig. 5). Seven of the 14 (50%) in the 
aneuploid group died, and they had a median survival 
of 17 months. Four of the 38 patients (11%) in the 
diploid group died, with'a median survival of 27.5 
months (p < 0.005}. One patient died from unrelated 
' disease. Among the 45 patients considered to be with- 
- out residual disease after initial surgery, seven relapses 


were seen (Table III), three of nine (33%) in the aneu- 
ploid group with a median disease-free interval of 10 
months and four of 36 (11%) in the diploid group with 
a median disease-free interval of 24 months (NS). 

The Cox proportional hazards model indicated 
ploidy to be the best prognostic variable for survival 
before grade. When controlled for ploidy, grade lost 
prognostic significance. 


Comment 


The present study strongly indicates that the pres- 
ence of aneuploidy in endometrial carcinomas predicts 
a more aggressive disease. Previous flow cytometric and 
cytogenetic studies on these carcinomas have included 
only a few cases, and clinical follow-up results were not 
presented. However, two studies by absorption cytom- 
etry reached similar conclusions regarding survival.” ° 
The death rate among patients with aneuploid tumors 
reported here was significantly higher as compared to 
those with diploid tumors. The higher relapse rate ob- 
served in the aneuploid group may reach statistical sig- 
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Fig. 5 Cumulative proportion of patients surviving with aneuploid (n = 14) and diploid (n = 38) 
endometrial carcinomas. Median observation, 24 months. 


nificance in prolonged or enlarged studies. The shorter 
median disease-free interval of patients with aneuploid 
tumors was also notable. Similarly, those who died from 
aneuploid tumors had a shorter median survival (Table 
III, Fig. 5). Variations in treatment cannot account for 
the differences, since no such distinctions were made 
between subgroups of patients. These results must be 
seen in view of the relatively short observation period 
and the limited number of patients with recurrent dis- 
ease and of patients who died. The: pattern observed 
resembles observations on tumors in the breast,” 
ovary,” uterine cervix," colon, and the urinary blad- 
der.*® On the other hand, in brain tumors and leukemia 
diploidy was associated with a worse prognosis." * 

The results of the Cox analysis must be interpreted 
with caution as it was not possible to verify the pro- 
portional hazards assumption in this limited study. The 
information obtained from grading of tumors seems to 
be included in ploidy, since grade lost prognostic value 
in the model when ploidy was controlled for. The ob- 
servation may not be surprising in view of the strong 
association’ of ploidy to tumor grade (Table II). It 
should be noted, however, that aneuploidy was seen in 
tumors of all degrees of differentiation. 

Treatment decisions today are usually based on the 
disease stage (FIGO) and the degree of tumor differ- 
entiation. In endometrial carcinomas, the FIGO staging 
assessed before operation has previously been shown 
to be at variance with operative findings in one third 
of the patients.'? This was also observed in the present 
study. When possible, therefore, surgical staging should 
be taken into account in studies comparing ace ent 
treatment strategies. 

Furthermore, steroid receptor measurements have 
recently been shown to be of prognostic value in en- 
dometrial carcinomas,” and this is also in accordance 


with preliminary observations for our patient group. 
This finding was also shown to be valid for ovarian 
carcinoma in our hospital.’ Hence, steroid receptor 
measurements and flow cytometric ploidy assessments 
seem to be promising new parameters for better prog- 
nostic assessment of patients. Further studies along 
these lines are in progress. 

The frequency of aneuploidy in various malignant 
tumors differs considerably.*® From cytogenetic studies 
chromosomal abnormalities have been shown in nearly 
all tumors examined,' but often not to an extent that 
is detectable by cellular DNA measurements. Ina recent 
review of chromosomal and absorption cytometric ré- 
ports,’ one third of endometrial carcinomas were con- 
sidered aneuploid. This is in good accordance with the 
27% in our study. Compared to the higher incidence 
of aneuploidy reported in ovarian (two thirds)” ° and 
cervical carcinomas,'' the lower proportion of aneu- 
ploidy in endometrial carcinomas may reflect the gen- 
erally better prognosis of these tumors. 

The metastases had a significantly higher frequency 
of aneuploidy as compared to the group of primary 
tumors (Table I), which suggests that aneuploid tumors 
are more likely to metastasize. However, the ploidy level 
of a given tumor seems to be stable throughout the 
course of the disease.’ This was also the case in this 
study when both the primary tumor and later recur- 
rences as well as ascites were examined. 

In earlier chromosome studies only a few of the ex- 
amined tumors could be evaluated for technical rea- 
sons.’ In contrast, by flow cytometry it was possible to 
assess the ploidy status in all the samples examined in 
this study. Hypodiploid stemlines were not found, in 
contrast to the frequent reports of such tumors by chro- 
mosome and absorption cytometric investigations.” The 
lower resolution and potential technical biases com- 


+ 


Volume 155 
Number 4 


Flow cytometry of endometrial carcinomas’ 775 


Table II. Distribution of aneuploidy and DNA index (DI) to tumor grade 





lowd* 
rE as a ees 


3 10 1.14 
4 3] 1.47 
7 78 1.65 
14 27 1.50 


Grade I 30 
Grade H 13 
Grade III 9 
Total 52 


*By Fischer’s exact test, p values are as follows: grades I/II, <0.1; grades H/HI, <0.05; grades I/III, <0.001. 


}Median DI of the aneuploid tumors within each grade. 


+By Wilcoxon two-sample test, p values are as follows: grades I/II, <0.1; grades II/III, <0.1; grades I/III, <0.025. 


Table III. Ploidy status and disease course 












Recurrence rate 





Aneuploid (n = 14) 3/9 33 
Diploid (n = 38) 4/36 t] 
p value 0.13 0.11* 


*Wilcoxon two-sample test. 


bined with limited number of cells examined by those 
methods may explain some of the difference. 

Flow cytometric DNA measurements have earlier 
been evaluated as a tool for automatic cancer screening 
of jet-wash samples but were found unsuitable, because 
of a high frequency of false positive and negative 
cases. In view of the later reported low incidence of 
aneuploidy in endometrial carcinomas, only one third 
of the malignant cases could be expected to be iden- 
tified by single-parameter DNA analysis. However, 
these investigators worked with an unacceptably low 
resolution of the measurements. 

The fraction of cells with S-phase DNA content was 
found to be highest in the aneuploid tumors (Table 1), 
in accordance with reports on ovarian and mammary 
carcinomas.*° Because this parameter can not always 
be assessed, the DNA index may become a more precise 
and valuable indicator in the future. 

Differences in stainability of the DNA in leukocytes 
and endometrial gland cells with known equal amounts 
of DNA up to 20% have been reported previously by 
absorption cytometry.’® '7 A smaller (5% to 7%) but 
significant difference was found in this study also (un- 
published observations). Therefore normal endome- 
trial cells should be the DNA reference standard for 
endometrial carcinomas in order to prevent an arbi- 
trary overestimation of aneuploidy in the near diploid 
region. Similar staining differences have been reported 
on mature sperm cells, which are significantly below 
the haploid DNA value unless special preparation tech- 
niques are used to ease the access of stain to the con- 
densed DNA molecule." Still, only a proportion cf the 
DNA will be stained. Variation in size and shape may 


Disease-free interval 
(mo) (median) 






Deaths 





Survival of those who died 
(mo) (median) 





17 7 50 
27.5 4 }} 
0.16* <0.005 


also explain differences encountered. For a variety of 
organs such control studies are still incomplete, and 
some caution should be executed when comparisons of 
aneuploidy in different tumors are made. 

Disease stage. The distribution of ploidy by clini- 
cal stage could not be evaluated in the previous re- 
ports on flow cytometric investigations (see Iversen and 
Laerum’), mainly because they were done on small 
numbers of patients. Moberger et al.,° using absorption 
photometry, found no association between ploidy and 
clinical (FIGO) stage, while in the extensive study by 
Atkin,’ the stages were not reported. The majority of 
patients reported here were in FIGO stages I and II, 
and no significant correlation of ploidy to stage was 
found, nor was the ploidy correlated to the depth of 
myometrial invasion. The reclassification into surgical 
stages based on operative and microscopic findings are 
considered to reflect better the biology and aggressive- 
ness of the malignant tumor. The FIGO classification 
corresponded to operative findings in only two thirds 
of the patients. The association of ploidy in surgical 
Stage I versus Stages II through IV approached statis- 
tical significance (p < 0.1). These observations point to 
limitations in the prognostic value of the FIGO stages. 
The prognostic information of aneuploidy seems to be 
independent of and additional to that obtained by the 
FIGO disease staging. 

Tumor grade. Cytogenetic studies of endometrial 
carcinomas have been performed on limited numbers 
of tumors (for recent survey, see Iverson and Laerum’) 
and the data were not conclusive regarding a possible 
association of ploidy status to tumor differentiation. 
Atkin,” using absorption photometry, reported a sig- 
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nificantly higher proportion of high-ploidy tumors in 
cancers of low diifferentiation (grade III) when an ar- 
bitrary level of DNA equivalent to 63 chromosomes 
(DI = 1.37) was used for separation. No such relation- 
ship was found in a recent report although a high num- 
ber of grade III tumors were aneuploid.” The two stud- 
ies are not directly comparable, because the criteria of 
aneuploidy were different. 

Flow cytometric investigations have so far not in- 
cluded information on ploidy and tumor differentia- 
tion. The assessment of tumor grade is partly subjective 
with interpersonal variations,’ while flow cytometric 
DNA measurements are objective and more reproduc- 
ible. In the series reported here, grade III tumors were 
significantly more often aneuploid than both grade I 
and grade JI tumors. In addition, the degree of aneu- 
ploidy, as expressed by the median DI of the aneuploid 
tumors within each grade, increased significantly with 
the loss of differentiation (Table I). 

One may speculate whether there is a continuous 
increase in the degree of DNA aberration with the 
growth of the individual tumor, or whether the DI re- 
mains unaltered from the initial malignant transfor- 
mation. Aneuploidy has been reported in some pre- 
malignant lesions of the uterine cervix and some colon 
polyps identified to have a higher potential for malig- 
nant transformation. From the time of clinical detec- 
tion, a late stage in the progression of the tumor, the 
amount of information is limited. Based on available 
data’ in addition to our own results on endometrial and 
ovarian carcinomas, variation in the DI for a particular 
tumor and its metastases seems to be a rare incident. 
It is therefore reasonable to conclude that the ploidy 
status of a given tumor is usually an inherent property, 
which is not subjected to major variations with the pro- 
gression of the disease. The DI may therefore be a 
marker for the aggressiveness of adenocarcinomas of 
the endometrium. 


The assistance of Knut Korsbrekke with the Cox 
analysis is acknowledged. 
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Office diagnosis of asymptomatic bacteriuria in 


pregnant women 


J. Peter Van Dorsten, M.D., and Edward R. Bannister, Ph.D. 


Charleston, South Cerolina 


Diagnosis and treatment of asymptomatic bacteriuria in pregnant patients can vitually eliminate 
pyelonephritis, the most common medical cause for antepartum hospitalization. However, the ever- 
increasing cost of the urine culture has led most clinicians away from routine urine screening. Uricult dip- 
slide paddies provide an inexpensive, efficient way to screen urine. Clean-catch urine specimens were 
obtained from 544 consecutive asymptomatic pregnant patients seen in the outpatient obstetric clinic at the 
Medical University of South Carolina. Specimens were analyzed by both traditional culture techniques and 
the Uricult dip-slide paddles. By comparison, the Uricult test detected 55 of the 56 significant gram- 
negative urinary pathogens found by culture. Detection of potential gram-positive pathogens is more 
difficult. A scheme is proposed that allows reliable, inexpensive surveillance in all pregnant patients. 
Hopefully, this algorithm will rekindle the obstetrician’s interest in urine screening. (Am J OssteT GYNECOL 


1986;155:777-80.) 


Key words: Pregnancy, bacteriuria, screening test 


Although multiple authors have shown that the di- 
agnosis and treatment of asymptomatic bacteriuria in 
pregnancy can virtually eliminate symptomatic pyelo- 
nephritis,’ most clinicians do not adequately screen the 
urine of their prenatal patients. Their reluctance is two- 
fold: First, the incidence of asymptomatic bacteriuria 
is low (2% to 3% in private patients; 6% to 10% in 
indigent patients)"; second, appropriate screening by 
urine culture is expensive. Lenke and Van Dorsten” 
have demonstrated that microscopic urinalysis and the 
nitrite test are not sensitive enough to be used as screen- 
ing procedures; the urine culture, costing as much as 
$50, remains the standard. Despite the expense, the 
clinician should not lose sight of the fact that in 
approximately 30% of pregnant patients untreated 
asymptomatic bacteriuria will progress to an acute 
symptomatic pyelonephritis.’ 

The case for routine culture surveillance of all preg- 
nant patients would be stronger if urine screening were 
less expensive. In the mid-1960s, Mackey and Sandys’ 
developed a dip inoculum transport medium for rapid 
urine culturing. Modification of their technique has 
now rendered an efficient, inexpensive method for 
urine screening. The efficiency of this technique among 
pregnant patients was recently tested at the Medical 
University of South Carolina. 
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Table I. Pathogens (colony count = 10°) 


Pathogen % 
Escherichia colt 38 67.9 
Klebsiella pneumoniae 8 14.3 
Proteus mirabilis 6 10.7 
Acinetobacter anitratus l 1.8 
Citrobacter diversus ] 1.8 
Enterobacter aerogenes ] 1.8 
Pseudomonas aeruginosa l 1.8 


Material and methods 


Specimens. Clean-catch urine specimens were ob- 
tained on 544 consecutive asymptomatic pregnant pa- 
tients seen in the outpatient obstetric clinic from De- 
cember 1984 through April 1985. The majority of the 
patients were indigent. The specimens were proces- 
sed immediately on receipt in the laboratory by the 
reference procedure and then processed with the Uri- 
cult (Orion Diagnostica, Helsinki, Finland; distributed 
by Medical Technology Corporation, Somerset, New 
Jersey). 

Reference procedure. All urine specimens were 
streaked with a 0.001 mi calibrated platinum loop onto 
sheep blood agar, MacConkey agar, and colistin—na- 
ladixic acid agar plates. Colony counts were determined 
after 18 to 24 hours’ incubation in air at 35° C. Organ- 
isms from positive cultures were identified by Micro- 
ID (General Diagnostics, Inc., Morris Plains, New Jer- 
sey), N/F Tek (Flow Laboratories, Roslyn, New Jersey), 
or conventional procedures. 

Urine screening. The dip-slide used in this study was 
the Uricult. The device consists of a 2 by 5 cm plastic 
paddle coated on both sides with agar media. One side 
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Table II. MacConkey dip-slide (colony count = 10*) versus reference culture in detection of 


gram-negative pathogens 








Eai t iti 55 
Sensitivity = eee = = 98.2% 
true positive + false negative 55 + 1 
eas true negative 488 
Specificity = ee eS Se 
P y true negative + false positive 488 + 13 A 
prii pi t iti 
Predictive value of positive result = le A AEM — = ae 81.0% 
true positive + false positive 55 + 13 
Predictive value of negative result = — ae 99.8% 


true negative + false negative ~ 488 + 1 


Table III. Cysteine—lactose—electrolyte-deficient dip-slide (colony count = 10°) versus reference culture in 


detection of gram-positive pathogens 








TIEA True positive 8 
Sensitivity = = = 100% 


True positive + false negative 8+0 


Fan True negative 178 
Shenay a ee a 
p e eneee + Glse postive a SA 
eect Sa True positive 8 
Predictability of posit — a I 
b Aan True positive + false positive 8 + 358 A 
Predictability of negative result = eae a a 100% 


of the paddle is coated with MacConkey agar (speci- 
fic for the growth of gram-negative bacilli) and the 
other side contains cysteine—lactose—electrolyte-defi- 
cient agar, which supports the growth of all microor- 
ganisms. The dip-slide is attached to a plastic cap that 
screws onto a sterile plastic vial. The system may be 
stored at room temperature for 6 months before use. 
The Uricult dip-slide was inoculated by dipping the 
agar-coated slides into the urine to wet both agar sur- 
faces thoroughly. The excess urine was allowed to drain 
from the dip-slide, and any remaining drops of urine 
were removed by touching the end of the dip-slide to 
clean absorbent paper. It was returned to its sterile 
container and the cap tightened. The container was 
then incubated at 35° C for 18 to 24 hours. The colony 
counts of the Uricult were determined as recom- 
mended by the manufacturer by using their color den- 
sity charts as provided. No attempt was made to identify 
any of the organisms isolated on the Uricult. All results 
were recorded as to whether growth occurred on the 
MacConkey and cysteine~lactose—electrolyte-deficient 
agar sides. 


Results 


Of the 544 clean-catch urine specimens, there were 
56 cultures with a predominance of a traditional gram- 
negative urinary pathogen at a colony count of 210°. 
These represented a 10.3% gram-negative culture pos- 
itivity in the overall clinic population. The specific or- 
ganisms are detailed in Table I, with Escherichia coli the 


predominant organism (67.9%). If the MacConkey side 


A 


rigult paddle was positive at a colony count of 
we be 


210*, only one of the 56 positive cultures was missed 
(sensitivity 98.2%) (Table 1I). The sole false-negative 
result was in a culture with numerous Pseudomonas at 
a colony count of >10°. 

There were nine specimens where the MacConkey 
side of the paddle was positive at =10* but where the 
reference culture revealed a nondominant gram-neg- 
ative bacillus at a colony count <10*. An additional four 
specimens revealed a positive result for the MacConkey 
side at 210° without recovery of any gram-negative 
bacilli on reference culture. These 13 “false positive” 
results give the MacConkey side of the paddle a spec- 
ificity of 97.4% (Table II) at a colony count of #10*, In 
the overall population, 12.5% had a positive result for 
the MacConkey side at a colony count of #10*. There 
were another 54 specimens where the MacConkey pad- 
dle was positive at a colony count of 10° but where the 
reference culture yielded no gram-negative organisms 
or a nonpredominant gram-negative organism at an 
insignificant colony count. Overall, the MacConkey 
paddle was positivé at a colony count of #10° in 123 
patients or 22.6% of the total specimens. 

On the other hand, the cysteine—lactose—electrolyte- 
deficient agar side of the paddle was positive (colony 
count =10°) in 366 specimens or 67.3% of the overall 
population (Table III). The cystetne~—lactose—electro- 
lyte-deficient agar side of the paddle offers no addi- 
tional value in the detection of gram-negative bacilli. 
However, potential urinary pathogens such as Strepto- 
coccus faecalis and group B Streptococcus can be identified 
only on the cysteine—lactose—electrolyte-deficient agar 
side. In the current study, there were three specimens 
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on reference culture (0.6% of the total population) that 
predominantly hed Streptococcus faecal-s at a colony 
count 210°. Also there were five such zroup B Strep- 
tococcus cultures (C.9% of the total population). In ad- 
dition to these five patients, there were 15 others that 
had group B Streptococcus on reference culture as a 
nondominant organism. Of the total specimens, 3.7% 
had group B Streptococcus identified on reference cul- 
ture. A positive result on cysteine—lactcse—electrolyte- 
deficient agar >10 predicted all these potential gram- 
positive pathogens. This good sensitivity (100%) is ne- 
gated by the poor specificity (33.2%) (Table III). 

A positive cysteine—lactose—electrolyte-deficient agar 
side of the paddle at a colony ccunt of =10* was seen 
in 64 specimens (11.8% of the total population) and 
would have predicted all three significant Streptococcus 
faecalis cultures and three of the five significant group 
B Streptococcus cultures; overall, eight of 20 (40%) cul- 
tures that contained group B Strepiococcus would have 
been predicted. However, most positive cysteine—lac- 
tose—electrolyte-deficient agar results LO’ are still false 
positive (58 of 64 or 91.0%). ` 


Comment 


The sensitivity and specificity of the Uricult slide test 
are now confirmed for pregnant patierts. The obste- 
trician’s chief concern is that of gram-negative urinary 
pathogens* ° and a positive result for the MacConkey 
side of the paddle at a colony count of #10' predicted 
all but one significant gram-negative pathogen detected 
by the traditional culture technique. Altiough there is 
debate regarding zhe urinary pathogeniaty in group B 
Streptococcus and Streptococcus faecalis? there are now 
multiple large studies in the literature where these or- 
ganisms were not cultured in obstetric patients. * It is 
tempting to attribute significance only vhen the Mac- 
Conkey side of the paddle is positive at a colony count 
of 210*. This would avert the confusion posed by the 
cysteine—lactose—e-_ectrolyte-deficient agar side. 

Nevertheless, in the present study, there were three 
positive reference cultures for Streptococzus faecalis at a 
colony count of 10° (0.6% of all patients) and simi- 
larly five cultures with group B Sireptococcus at a colony 
count of +10 (0.9% of all cultures). The problem is 
that gram-positive pathogens are detected only on the 
cysteine—lactose~electrolyte-deficient agar side of the 
paddle where 366 specimens (67.3%) were positive 
at a colony count of 210". Most of these positive re- 
sults represent insignificant gram-posit.ve nonpatho- 
gens (poor specificity). Since specific organisms cannot 
be recognized on the cysteine—lactose—lectrolye-de- 
ficient agar paddle, many unnecessary and expensive 
urinary cultures would have to be performed to identify 
the 1.5% of patients with potentially significant gram- 
positive urinary tract infections. A compromise would 
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culture only those positive results of cysteme—lactose— 
electrolyte-deficient agar at a colony count =10*; with 
this scheme, 64 patients (11.8% of all patients) would 
require more specific gram-positive culture techniques. 
This scheme would have identified all three Streptococ- 
cus faecalis cultures and three of the five group B Strep- 
tococcus cultures. Overall, eight of 20 specimens (40%) 
that had any group B Streptococcus present would have 
been identified. Since group B Streptococcus is a ques- 
tionable pathogen in the urinary tract,™” .ts presence 
on a urine culture may represent vaginal or rectal con- 
tamination. Because of the transient nature of maternal 
vaginal-rectal group B streptococcal colonization, rou- 
tine screening of prenatal patients for this organism 
has not been recommended." The fact that the Uricult 
system (used as outlined) would miss 60% of cultures 
with any group B Streptococcus may be of dubious sig- 
nificance. 

` These data suggest that every pregnan- patient be 
screened early in pregnancy by the dip-slide test. If 
there is growth on the MacConkey side of the paddle 
at a colony count of #10", the clinician should expect 
a positive result on traditional culture 81.0% of the time 
(predictive value of positive result). Purists would then 
subject the original urine specimen, refrigerated at 
4° C, to routine culture and sensitivity testing. In this 
era of cost containment, however, a case could be made 
for treatment with an agent such as nitrofurantoin mac- 
rocystals for 1 week followed by a convaleszent Uricult 
screen. This scheme would perhaps have treated the 
19.1% of patients with false-positive specimens unnec- 
essarily; however, since the Uricult test samples a larger 
volume of urine than the calibrated loop system, it 
could be argued that the Uricult is more sensitive in 
picking up gram-negative organisms and that such 
cases are not false positive. 

Attention should then be turned to the cysteine—lac- 
tose—electrolyte-deficient agar side of the paddle: If the 
colony count is =10°, the original specimen can be sub- 
jected to traditional culture techniques to detect poten- 
tial streptococcal pathogens. Culture before treatment 
is made necessary because of the many false positive 
results (91.0%). 

Identification and appropriate treatment and follow- 
up of pregnant patients with asymptomatic bacteriuria 
can virtually eliminate symptomatic pyelonephritis. 
The Uricult can dramatically reduce the cost of such 
screening. 
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A retrospective review was conducted of all pregnant women discharged undelivered during fiscal year 
1985. If the current Medicare prospective payment plan were applied to these admissions, Diagnostic 
Related Group 383 (other antepartum diagncses with medical complications) and Diagnostic Related 
Group 384 (other antepartum diagnoses without medical complications) would together generate a 
negative cash flow. Supplementation for capital costs and direct and indirect medical education costs 
would result in.a positive cash flow; however, the supplementation is vulnerable to political and social 
forces that will tend to diminish or eliminate it. on J OBSTET GYNECOL 1986;155: 780- 3.) 


Key words: Diagnostic related groups, antepartum diagnosis 


On March 23, 1983, Congress approved a prospec- 
tive payment plan for reimbursement of hospital ser- 
vices for Medicare patients. This plan groups hospital 
discharge diagnoses into 23 major diagnostic categories 
that are further divided into 471 diagnostic related 
groups (DRGs). Because the payment for each DRG is 
set in advance, hospitals are at financial risk for the 
difference between the predetermined DRG allowance 
and the actual cost of patient care. A DRG utilization 
committee, composed of representatives of all major 
clinical and administrative departments, was convened 
at the Beth Israel Hospital to evaluate patterns of med- 
ical care and the resulting financial consequences. This 
paper describes the results of this evaluation applied 
to antepartum inpatient care. 
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Material and methods 


A retrospective review was conducted of the charts 
of all pregnant women hospitalized for complications 
of pregnancy in the second and third trimester and 
discharged undelivered during the fiscal year from 
September 30, 1984, to September 28, 1985. Excluding 
those admitted in false labor, they totaled 373 in all, 
constituting 8.8% of the gravid population cared for 
during the interval of the study. The principal and 
secondary clinical diagnoses were coded by specially 
trained record room personnel using the International 
Classification of Diseases, 9th Revision with Clinical 
Modifications.? Within Major Diagnostic Category 14 
(pregnancy, childbirth and the puerperium) the coded 
diagnoses were allocated to the appropriate DRG by a 
computer using the following logic. Patients whose prin- 
cipal discharge diagnosis was one of 55 specified med- 
ical complications were allocated to DRG 383 (other 
antepartum diagnoses with medical complications).° 
Those whose principal and only or principal and sec- 
ondary discharge diagnoses were one or more of 157 
specified obstetric diagnoses were allocated to DRG 384, 
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Table I. Balance sheet associated with DRG 383: other antepartum diagnosis with medical complications* 















No. of | Average length | Range Total Total Profit or Net profit 
Prinicpal diagr-osis patients | of stay (days) | (days) | payment cost loss S uini or loss 


Hypertension 2? l-11 °$ 81,765 $ 74,603 $ 7,162 $ 29,835 $ 36,997 
Hyperemesis 37 5.5 1-27 67,229 63,306 3 923 24,531 28,454 
Diabetes —_ 29 4.0 1-8 52,693 59,460 — 6,767 19,227 12,460 
Genitourinary disorders 26 3.0 1-1 47,242 36,563 10,679 17,238 27,917 
Gastrointestinal disorders 21 2.3 1-4 38,157 29,590 8,567 13,993 22,490 
Preeclampsia 9 4.2 2-] 16,353 17,583 — 1,230 5,967 4,737 
Other viral disorders 7 2.1 1-9 12,719 12,284 435 4,641 5,076 
Pulmonary disorder 6 3.5 1-4 10,902 9,789 LIIS 3,978 5,091 
Failed induction 5 1.0 ] 9,085 3,632 -5453 3,315 8,768 
Other concurrent disorders 5 3.4 1-6 9,085 5,740 3,345 3,315 6,660 
Antepartuin hemorrhage 2 1.5 1-2 3,634 2,171 1,463 1,326 2,789 
Twin pregnancy 2 14.0 6-22 3,634 15,031 ~ 11,397 1,326 — 10,071 
Oligohydramnios 2 1.0 ]-2 3,634 3,516 118 1,326 1,444 
Ruptured membranes 2 6.0 l-l 3,634 4,100 — 466 1,326 860 
Incompetent cervix l 4.0 4 1,817 3,143 — 1,317 663 —654 
Polyhydramnios l 1.0 l 1,817 736 1,081 663 1,744 
Breast disease l 22.0 22 1,817 14,343 — 12,526 663 — [1,863 
Miscellaneoust 8 I. 1-2 14,536 6,599 7,937 5,304 13,241 
Total 2()9 4.6 1-27 379,753 362,180 17,573 138,567 156,140 


*Prospective payment, $1,817 per case; supplement, $663 per case. 
tIncludes two cases of edema and one case each of Hodgkin s disease, thyroid disease, drug dependency, co: igwauon disorder, 


trauma, and cardiovascular disease. 


(other antepartum complications without medical com- 
plications). However, if a principal obstetric diagno- 
sis was coupled wizh a secondary medical diagnosis, the 
case was allocated to DRG 383. Therefore it is possi- 
ble for the same or similar principal diagnoses to be al- 
located to different DRGs based on the presence or ab- 
sence of one of the 55 specified medical complications. 

Payment under a fully implemented prospective pay- 
ment system is determined þy multiplying a base dollar 
amount per case by a standard relative cost-weight in- 
dex assigned to the DRG. For Beth Israel Hospital, in 
fiscal year 1985 the base amount per case was $4,210. 
The relative cost-weight index for DRG 383 was 0.4317; 
for DRG-384, it was 0.3245. The per case prospective 
payment was therefore $1,817 for DRG 383 and $1,366 
for DRG 384. DRG 382 (false labor), allocated 109 pa- 
tients, was not evaluated here. 

The cost of pazient care is derived by means of a 
department specific ratio of cost to charges. In each 
department (for example, labor and delivery, hema- 
tology laboratory, ultrasonography, inpatient obstetric 
unit) the total charges incurred for all patients for a 
year are compared to the actual costs of providing that 
care in the same time period. These department-spe- 
cific ratios are then applied to the individual charges 
that a patient accumulates during her stay. Summing 
the costs (as determined by the departmental ratios of 
cost to charge) yields the total cost for a given patient. 
Summing all incurred costs within a specific diagnosis 
results in a total cost for that diagnosis. 

The difference between the prospective payment and 
the actual cost of care represents the profit or less per 


diagnosis. Summing all profits or losses for all cases 
falling within the DRG yields the profit or loss per DRG. 
Reimbursement for capital, direct medical education, 
and indirect medical education costs are specifically ex- 
cluded from the per-case, DRG-based, prospective pay- 
ment amount. These costs are computed separately and 
paid in a lump sum to the hospital. Capital costs include 
plant and major movable equipment. Direct education 
costs are largely the salaries of house officers and teach- 
ing physicians. In fiscal year 1985 both capital and di- 
rect education costs were completely reimkursed on an 
actual cost-incurred basis. Indirect medical education 
costs are those costs sustained by teaching hospitals that 
are not as easily assigned as salaries. Examples include 
those related to differences in test-ordering patterns 
between trainees and experienced physicians, the cost 
of caring for severely ill hospitalized patients not fully 
considered in DRG typology, and the administrative 
costs of managing a training program. The total hos- 
pital Medicare reimbursement for capital costs and di- 
rect and indirect education costs was $15,377,725 in 
fiscal year 1985. Although reimbursed in a single pay- 
ment, the following calculations permit estimation and 
distribution of total supplement oni a per-case basis. 


To estimate amount of total supplement apportioned 
on a per-case basis: 


Total Medicare reimbursement $13,377,725 
for capital and direct and 
indirect education costs 


Number of Medicare dis- 6477 
charges aa 
Hospital's case-mix index 1.344 


t 
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Table II. Balance sheet associated with DRG 384: other antepartum diagnosis without medical 
complications* 


Prinicpal diagnosis 





No. of | Average length | Range Total’ Total Net profit 
patients | of stay (days) | (days) | payment cost Profit or loss | Supplement or loss 
46 


Failed induction 1.0 l $ 62,836 -$ 39,632 $ 23,204 $22,954 $ 46,158 
Ruptured membranes 26 3.4 1-19 35,516 54,968 — 19,452 12,972 — 6,478 
Other antepartum hemorrhage 22 1.6 1-5 30,052 28,336 1,686 10,978 12,664 
Placenta previa 18 7.3 1-46 24,588 68,634 — 44,046 8,982 ~ 35,064 
Incomplete cervix 16 2.8 1-21 21,856 24,032 — 2,176 7,984 5,808 
Prolonged latent phase 10 1.0 l 13,660 7,285 6,375 4,990 11,365 
Abruptio placentae 10 4.4 1-21 13,660 22,657 ~ 8,997 4,990 — 4,007 
Molar pregnancy 3 1.3 l 4,098 4,735 -637 1,497 860 
Fibroid tumor 2 2.0 l 2,732 1,697 1,035 998 2,033 
Vein complication 2 2.5 2 2,732 2,551 181 998 1,179 
Fetal growth retardation 2 1.0 l 2,732 1,740 992 998 1,990 
Triplet pregnancy l 1.0 l 1,366 1,122 244 499 743 
Cephalic version | 1.0 l 1,366 1,726 — 360 499 139 
Urinary retention l 1.0 I 1,366 802 564 499 1,063 
Rh isoimmunization l 1.0 l 1,366 953 413 499 912 
Breast abscess ] 3.0 3 1,366 2,096 — 730 499 — 23] 
Polyhydramnios l 2.0 2 1,366 738 628 499 1,127 
Oligohydramnios I 1.0 l 1,366 1,164 202 499 701 
Total 164 2.1 ] 224,024 264,898 — 40,874 81,836 40,962 


*Prospective payment, $1,366 per case; supplement, $499 per case. 


Cost-weight index for 0.4317 
DRG-383 

Cost-weight index for 
DRG-384 

l. Take total payment 

2. Divide by number of dis- 
charges X case-mix index 

3. Multiply result by cost- - 
weight index for specific 
DRG to obtain estimate of 
supplement per DRG 
DRG-383 
DRG-384 


0.3245 


$13,377,725 
8705.088 


$663.42 
$498.68 


Results 


The 209 patients in DRG 383 fell irto 24 diagnos- 
tically definable categories (Table I). Patents suffering 
primarily from hyperemesis had the longest average 
stay (5.5 days) and range of length of stay (1 to 27 days). 
Hypertension, hyperemesis, and diabetes accounted 
for 111 (53.1%) of the cases in the DRG. Costs totaled 
$362,180 for which the calculated reimbursement came 
to $379,753 ($1,817 x 209). Utilization of hospital ser- 
vices for this DRG thus generated a positive cash flow. 
The additional supplement resulted ir. a net positive 
cash flow of $156,140. 

DRG 384 was allocated to 164 patients (Table II). 
The 18 patients with placenta previa had the longest 
average (7.3 days) and range of length of stay (1 to 46 
days). The most frequent collective diagnoses were 
those involving second- and third-trimester bleeding 
(50 discharges, or 30.5%). There were 46 (28.0%) one- 
day admissions to the labor and delivery suite resulting 
in a failed induction; these cases constituted the most 


frequent (and most profitable) single discharge diag- 
nosis. Total costs were only partially offset by payment; 
however, adding the education supplement resulted in 
a net positive cash flow. a 

During the interval of this study, 109 pregnant 
women were admitted in false labor and 4218 were 
delivered at Beth Israel Hopsital. Under the Medicare 
prospective payment program, DRG 383 and DRG 384, 
including the 373 (7.9% of the total of 4700 admissions 
to the obstetric service) traditionally designated ante- 
partum patients who were discharged undelivered 
would cost the hospital $23,301; however, the total cap- 
ital and medical education supplement of $220,403 
would yield a net profit for the two DRGs under con- 
sideration. l 


Comment 


The above analysis assumed the application of the 
Medicare prospective payment plan to all antepartum 
admissions. We recognize that prospective payment 
programs are not currently being applied to most an- 
tepartum discharges. However, in New Jersey every 
insurer pays hospitals for all diagnoses based on DRGs. 
Blue Cross in Ohio and Medicaid programs in Ohio, 
Wisconsin, and Pennsylvania have also implemented 
DRG prospective payment systems. 

As obstetric care is inevitably and increasingly reim- 


bursed prospectively, both the initial tabulated cash 


flows and the supplement are likely to be altered. Com- 
mercial insurance carriers enrolling a significant num- 
ber of younger members will propose different pay- 
ments and cost weights and be less inclined than the 
federal government to subsidize education costs. Cli- 
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nicians must ask themselves (or they will soon be asked 
by others) if some alterations in clinical management 
can be compatible with both good medical care and 
better cash flow. 

Thirty-seven discharges (9.9% of the 73 cases under 
consideration) followed hospitalization for hypereme- 
sis, 29 (7.8%) admissions were for the initial manage- 
ment of asymptomatic diabetes, and 28 (7.5%) were for 
premature rupture of the membranes. The manage- 
ment of hyperemesis, once other more serious concur- 
rent illnesses have been excluded, could be continued 
in a domiciliary setting in which intravenous fluids can 
be administered. Ambulatory care cf pregnant diabetic 


patients has been associated with excellent outcomes.” 


Expectant management of patients with premature 
rupture of the membranes has resulted in a high rate 
of vaginal deliveries without an increase in the infection 
rate.*® Thus all three of these clinically significant (al- 
though not usually life-threatening) illnesses, repre- 
senting more than one quarter of all discharges, are 
often amenable to brief hospitalization and subsequent 
management in an outpatient or intermediate-care fa- 
cility with supplementary use of a visiting nurse service. 

Fifty-two (13.9%) discharges followed observation 
for bleeding in the second or third trimester. The fi- 
nancial loss associated with these cases, even after sup- 
plementation, was significant. Most patients had min- 
imal vaginal bleed:ng as a presenting complaint. The 
unpredictable course of vaginal bleeding makes indi- 
vidualization of care and timing of discharge necessary. 
Nevertheless, by the third hospital day the situation in 
most cases is clarified so that one can identify those 
whose subsequent clinical course can be expected to be 
compatible with further observation in a nearby inter- 
mediate-care facility. 

Hypertension (45 cases, 12.1%) and preeclampsia 
(nine discharges, 2.4%) represent patients discharged 
following observation (usually) or treatment (infre- 
quently) of an acute exacerbation of a previously re- 
assuring blood pressure level. By the third hospital day, 
improvement was evident in all cases. The patients were 
then observed for varying lengths of time. In-hospital 
observation enables the physician to mon:tor hyperten- 
sive pregnant women and not miss the subtleties of 
exacerbation. However, within a brief period of time, 
most patients will either worsen and require delivery 
or become sufficiently stabilized to permi: safe transfer 
to an intermediate, but very nearby care facility for 
continued care.’ 

The prolonged lengths of stay noted for many of the 
16 patients (4.3%) discharged following surgical treat- 
ment for cervical incompetence were generally due to 
a combination of admission 1] day before surgery, post- 
operative complications associated with spinal anesthe- 
sia, and postsurgical uterine contractions. Same-day ad- 
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mission of these healthy pregnant women and use of 
epidural, not spinal, anesthesia for this procedure are 
two noncontroversial changes that would readily re- 
duce length of stay and improve patient care. 

The remaining 159 (42.6%) cases encompassed a 
myriad of diagnoses, but almost all were associated with 
brief lengths of stay. This heterogeneous group of ill- 
nesses preclude generalizations concerning use of in- 
termediate-care facilities or early discharge. 

It is not possible to calculate the savings that would 
have been realized if greater emphasis have been placed 
upon ambulatory or intermediate-care facility manage- 
ment of these gravidas. We certainly cannot condone 
indiscriminate antepartum discharges that neglect pa- 
tient well-being or expose patients to potential risks. 
The clinically and fiscally conscientious physician is cur- 
rently without guidelines or a methodology that would 
permit a more critical definition of appropriate hos- 
pital-based management for specific obstetric diagno- 
ses, Although admission and continuation of inpatient 
care for medical or surgical patients is based on the 
severity and acuteness of the presenting or concurrent 
illnesses, most antepartum admissions are based on the 
philosophy that if a pregnant woman or the fetus is at 
potential risk, admission is warranted in anticipation of 
serious problems. Early and frequent hospitalizations 
to encourage sedentary activity, to initiate medication 
and education programs, and to observe at-risk patients 
are common and appropriate. We are suggesting, in 
the interval between the initiation of the Medicare pro- 
spective payment plan and the first application of sim- 
ilar plans to pregnant women, that obstetricians ascer- 
tain which traditionally hospitalized cases must remain 
hospitalized and which can be cared for equally well in 
another setting. 
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Human genital papilloma infections: An evaluation of 
immunologic competence in the genital 


neoplasia-papilloma syndrome 


Linda F. Carson, M.D., Leo B. Twiggs, M.D., Michio Fukushima, Ph.D., 
Ronald S. Ostrow, Ph.D., Anthony J. Faras, Ph.D., and Takashi Okagaki, M.D., Ph.D. 


M inneapolis, Minnesota 


Immunologic evaluations of women with genital neoplasia-papilloma syndrome demonstrated the presence 
of subclinical immunodeficiency when compared with results in 20 control womenn. All patients with genital 
neoplasia-papilloma syndrome were previously found to have human papillomavirus deoxyribonucleic acid 
in genital neoplasias or papillomas occurring either synchronously (in at least two genital organs at the 
same time) or metachronously (at different times during a period of months to years). Immunologic tests 
included blastogenic responses of lymphocytes to mitogens (phytohemaggiutinin, concanavalin A, 
pokeweed mitogen, and tetanus antigen) and lymphocyte phenotyping with the use of monoclonal 
antibodies (OKT3, OKT4, OKT8, and OKT11). As compared with those of control subjects, the responses 
of the lymphocytes of patients with genital neoplasia-papilloma syndrome to mitogens were significantly 
decreased. The group with genital neoplasia-papilloma syndrome had a significantly higher percentage of 
suppressor-cytotoxic T cells (OKT8-positive cells) when compared with that of control subjects (mean 33% 
versus 18%) and a lower proportion of helper T cells (OKT4-positive cells) when compared with that of 
control subjects (35% versus 50%). The mean helper-to-suppressor/cytotoxic T-cell ratio (mean OKT4/ 
OKT8 ratio) in the human papillomavirus—infected women was 1.72 + 0.29 (SE) as compared with 

3.21 + 0.33 (SE) in the control group, demonstrating a significant reduction of the ratio in the patients with 
genital neoplasia-papilloma syndrome. These findings suggest that patients with genital neoplasia- 
papilloma syndrome have a reduced suppressor/cytotoxic T-cell ratio (mean OKT4/OKTS8 ratio; that in the 
human papillomavirus—infected women was 1.72 + 0.29 (SE) as compared with 3.21 + 0.33 (SE) in the 
control group, demonstrating a significant reduction of the ratio in patients with genital neoplasia-papilloma 
syndrome. These findings suggest that patients with genital neopiasia-papilloma syndrome have reduced 
immunocompetence of unknown etiology. (AM J OpsTET GYNECOL 1986;155:784-9.) 


Key words: Papilloma, neoplasm, tmmunocompetence 


A subset of patients with human papillomavirus 
(HPV) infection may be characterized as having genital 
neoplasia-papilloma syndrome. Genital neoplasta-pap- 
illoma syndrome is defined by the occurrence of HPV- 
associated lesions in multiple genital organ sites, tn 
which at least one lesion is an intraepithelial or invasive 
neoplasm of the squamous epithelium.’ In most 
women, primary HPV infection may be manifested in 
the form of benign condyloma acuminatum that occurs 
on the vulva, vagina, cervix, and perianal areas. Con- 
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dylomas ‘frequently respond to local therapeutic mea- 
sures and do not recur. In contrast, women with genital 
neoplasia-papilloma syndrome experience multiple 
HPV infections, which, for an unknown reason, are 
associated with intraepithelial neoplasms. With the 
use of Southern blot deoxyribonucleic acid hybridiza- 
tion,’* presence of deoxyribonucleic acid was con- 
firmed in the lesions of patients with genital neoplasia- 
papilloma syndrome who had a wide range of recurrent 
or multiple genital neoplasias and papillomas. The no- 
tion that neoplastic growth is permitted by an impaired 
cellular immunologic system in the patients with re- 
calcitrant condyloma acuminatum and intraepithelial 
vulvar neoplasms was proposed by Seski et al.*® The 
observation that condyloma proliferates during preg- 
nancy, is a condition known to decrease cell-mediated 
immunity transiently,’”* and subsides in the puerperium 
supports the relationship between altered immunity 
and the development of HPV-associated lesions.° 

The evaluation of the population with genital neopla- 
sia-papilloma syndrome for immunodeficiency seemed, 
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logical because these otherwise healthy women are 
plagued by multiple genital neoplasias, containing HPV 
deoxyribonucleic acid. Recalcitrant concyloma acumi- 
natum, cervical intraepithelial neoplasia. vulvar intra- 
epithelial neoplasia, and vaginal intraepichelial neopla- 
sia may all require multiple local therap2utic attempts 
that often prove ineffective in eradicating the lesion. 
We therefore evaluated 20 patients wita genital neo- 
plasia-papilloma syndrome for the blastogenic response 
of lymphocytes to mitogens and lymphoaye phenotype 
analysis with the use of the antibodies OKT3, OKT4, 
OKT8, and OKT11 to determine whether subclinical 
immunodeficiency was present. 


Material and methods 


Clinical material. Twenty women ranging from 18 
to 77 years of age (mean 33) with gemtal neoplasia- 
papilloma syndrome, in whom HPV deoxyribonucleic 
acid was previously. demonstrated by Southern blot de- 
oxyribonucleic acid hybridization,’' we-e seen at the 
Gynecologic Oncology Clinic of the University of Min- 
nesota Hospitals. Each subject had multple genital le- 
sions occurring either synchronously and/or meta- 
chronously. Twenty normal, healthy volanteer women 
19 to 40 years of age (mean 30 years} served as controls. 
Control subjects had no previous history of genital con- 
dylomas and had normal cervical cy:ologic testing 
within | year of the time of the study. No patient was 
receiving Iimmunosuppressive therapy at the time of or 
before this study. 

Tissue samples used for deoxyribonucleic acid hy- 
bridization were obtained from 20 patiemts with genital 
neoplasia-papilloma syndrome. The Listopathologic 
features of intraepithelial neoplasia were confirmed by 
coauthor T. O. 

Deoxyribonucleic acid hybridization. The freshly 
obtained tissue samples were frozen and stored at 
—70° C until processed. The method used in deoxy- 
ribonucleic acid hybridization was essentially identical 
to that described in our previous publications. *** The 
frozen specimens were thawed and minced into small 
pieces. The tissue fragments were ther suspended in 
0.2 mol/L Tris hydrochloride (pH 8.5), 0.1 mol/L eth- 
ylenediaminetetraacetic acid (EDTA), and 1% sodium 
dodecyl sulfate containing Pronase at 500 pg/ml and 
incubated at 37° C for 12 to 24 hours. The solution 
was cooled and potassium acetate was added to 1.43 
mol/L. After 30 minutes on ice, the sofution was cen- 
trifuged for 20 minutes at 20,000 x ¢ at 4° C. The 
supernatant was concentrated by the addition of two 
volumes of ethanol. The precipitate wes resuspended 
in 20 mmol/L Tris hydrochloride (pH 7.0) and 10 
mmol/L EDTA and treated with boiled ribonuclease A 
at 100 pg/ml, followed by incubation with sodium do- 
decyl sulfate and Pronase, extraction with a phenol- 
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Fig. 1. Responses of lymphocytes to mitogens in control sub- 
jects and patients with genital neoplasia-papilloma syndrome 
(GENPS). Shown are responses to pokeweed mitogen, con- 
canavalin A, phytohemagglutinin, and tetanus antigen, ex- 
pressed as a percentage of the normal response. The differ- 
ence in the responses between the groups was significant with 
the use of Fisher's exact test. 


chloroform mixture of 1:1 (v/v), and precipitation 
with ethanol. The samples containing HFV deoxyri- 
bonucleic acid in buffer containing 5% glycerol, 40 
mmol/L Tris acetate (pH 8.3), 2 mmol/L EDTA, and 
1% sodium dodecyl sulfate were heated at 68° C for 10 
minutes; then electrophoresis of the samples was per- 
formed in 1% agarose gel at 60 V for 16 kours. 

The deoxyribonucleic acid fragments were trans- 
ferred from agarose gel to a nitrocellulose filter, with 
negative pressure applied over the filter. The filters 
were dried at 80° C under a vacuum for @ hours and 
hybridized in conditions of low stringency. The HPV 
deoxyribonucleic acid used as a probe in these condi- 
tions was of an HPV species that exhibits 36% homology 
with HPV-3 in high-stringency conditions and is re- 
ferred to here as HPV-EV. The filters were prehybri- 
dized at 37° C for 24 hours in hybridization solution 
containing 500 pg/ml of depurinated salmon sperm 
deoxyribonucleic acid, 0.1% each of bovine serum 
albumin, Ficoll 400, and polyvinylpyrrolidone, 20 
mmol/L, sodium phosphate (pH 6.8), 1 mol/L sodium 
chloride, 0.1% sodium dodecyl sulfate, and 30% form- 
amide. Fresh hybridization solution containing both 
nick-translated phosphate 32—labeled HPV-EV cloned 
Bam HI fragments (5 ng of probe per milliliter of so- 
lution, 2.5 xX 10° cpm/ml) and 10% dextran sulfate was 
added to the filters and incubated at 37° C for 20 hours. 
Filters were washed three times in 2X (doukle-strength) 
SCC of pH 7.0 (single-strength SCC refers to 0.15 
mol/L sodium chloride and 0.015 mol/L sodium ci- 
trate), 0.1% sodium dodecyl sulfate, and 0.1% sodium 
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Table I. HPV deoxyribonucleic acid types 
found in genital lesions of patients with genital 
neoplasia-papilloma syndrome 


HPV type | No. of patents 


HPV-1 1/15 
HPV-2 4/15 
HPV-3 6/15 
HPV-4 1/15 
HPV-5 4/15 
HPV-6 10/15 
HPV-16 4/13* 


*Only 13 of 15 tissues from patients were tested with the 
HPV-16 probe under high-stringency conditions. 


pyrophosphate at room temperature and for an ad- 
ditional 4 hours in 3X SCC of pH 7.0, 0.1% sodium 
dodecyl sulfate, and 0.1% sodium pyrophosphate at 
40° C. Filters were dried and autoradiographed at 
~ 70° C with an intensity screen. The high-stringency 
hybridization conditions were similar to those de- 
scribed, with the following differences: (1) The pre- 
hybridization and hybridization solutions contained 
50% formamide; (2) the hybridization was carried out 
at 40° C; (3) after the room temperature wash, the filters 
were washed for an additional 4 hours in 0.4X% SCC of 
pH 7.0, 0.1% sodium dodecyl sulfate, and 0.1% sodium 
pyrophosphate at 50° G. 

The presence of bands corresponding to native viral 
deoxyribonucleic acid from IJ (superhelical), II (nicked 
double-stranded), or III (linear) was examined under 
low-stringency conditions in all 20 cases. In 15 of the 
20 cases, tissue was examined by means of deoxyribo- 
nucleic acid hybridization under high-stringency con- 
ditions. In all 15 cases probes to HPV-1 through 
HPV-6 were used in deoxyribonucleic acid hybridiza- 
tion. In 13 of the 15 HPV-16 deoxyribonucleic acid 
probe was also used. 

Immunologic studies. Blastogenic responses of 
mononuclear cells to phytohemagglutinin, concana- 
valin A, pokeweed mitogen, and tetanus antigen were 
assayed. In vitro studies also included identification 
of phenotypes of peripheral T cells with the use of 
monoclonal antibodies OKT3 (reactive with mature 
T cells), OKT4 (reactive with helper/inducer T cells), 
OKT8 (reactive with suppressor/cytotoxic T cells), and 
OKT 11 (reactive with all T cells) acquired from Ortho 
Diagnostic Systems, Inc., Raritan, New Jersey." An in- 
direct immunofluorescence assay was used. 

Peripheral blood was obtained by venipuncture. 
Buffy coat was prepared by centrifuging the blood at 
700 X g for 10 minutes at room temperature. The 
buffy coat was then underlaid with 5 ml of Ficoll-Hy- 
paque density solution and centrifuged for 40 minutes 
at 300 x g at room temperature. The cells were col- 
lected, washed with 0.01 mol/L phosphate-buffered sa- 
line (pH 7.1 to 7.4), and recentrifuged at 300 x g for 
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Table II. Summary of histopathologic findings 
in 20 patients with genital neoplasia-papilloma 
syndrome 


Histopathologic finding |a | % 


Cervical intraepithelial neoplasia (grades 1, 2,3) 16 80 
Condyloma of at least one genital site* 15 75 
Vaginal intraepithelial neoplasia (grades 1, 2, 3) 8 40 
Vulvar intraepithelial neoplasia (grades 1, 2, 3) 4 20 


*Diagnesed by biopsy or clinical impression. 


10 minutes at 4° C. The pellet of the cells was resus- 
pended in 1.0 ml of 0.01 mol/L phosphate-buffered 
saline (pH 7.1 to 7.4) supplemented with 1.0% (w/v) 
bovine serum albumin, 2% (v/v) heat-inactivated hu- 
man serum, and 0.1% (w/v) sodium azide. 

Mononuclear cells obtained by a method similar to 
that described above were used for the blastogenic re- 
sponse to mitogens, which included phytohemagglu- 
tinin, concanavalin A, pokeweed mitogen, and tetanus 
antigen. Cells were counted on a Coulter Z counter and 
resuspended to a concentration of 0.4 x 10° cells per 
milliliter. All cultures were set up in triplicate wells, 
each containing 4.0 x 10" cells. Unstimulated cultures 
served as controls. The following concentrations of mi- 
togens were added to the wells: phytohemagglutinin 
1:50, 1:100, 1:200; concanavalin A, 1:50, 1:100, 
1:200; pokeweed mitogen, 1:500, 1:1500, 1:4500; 
and tetanus antigen, 1:750, 1:1500 and 1:4500. The 
plates were incubated at 37° C in an incubator with 5% 
carbon dioxide for 72 hours, Tritium-labeled thymi- 
dine, 0.5 aCi per well was added to each well. The 
cultures were incubated for 6 hours, removed, and cov- 
ered with a pressure-sensitive film. The wells with tet- 
anus antigen were labeled with *H-labeled thymidine 
as described above on day 5. The wells were incubated 
for an additional 18 hours, at which time the plates 
were covered with a pressure-sensitive film. The cell 
samples were removed with a multiple sample harvester 
on glass fiber filters and counted for radioactivity in a 
Packard liquid scintillation counter. Results were ex- 
pressed as a percent of normal. The response of three 
normal controls was averaged. Generally a response of 
75% or higher was considered normal for the mitogens. 
Induction of mitoses by tetanus antigen was reported 
as negative, low, moderate, or high response. 

Lymphocyte phenotyping by monoclonal antibodies 
OKT3, OKT4, OKT8, and OKT 11 was performed by 
indirect immunofluorescence as previously reported." 
Fluorescein isothiocyanate—conjugated IgG goat anti- 
mouse f(ab°)2 was obtained from Cappel, Cochranville, 
Pennsylvania. Percentages of fluroescence-labeled cells 
were determined by flow cytometry with the Ortho 
Spectrum [II (Ortho Diagnostic Systems, Inc. West- 
wood, Massachusetts). One thousand to 20,000 lym- 
phocytes were counted per each sample. 
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Table III. Clinical pore. of HPV type and deste eae me organ site and date of diagnosis 





1. Cervix . 1982 CIN ; M 
' Vagina 1983 CA 
2 29 Cervix 198] CIN 1,3,4,6 S 
Vagina 1981 CA 
3 38 Vagina 1980 VaIN 2,3,6 S 
Vulva 1980 VIN 
4 59 Cervix 198] CIN M 
Vagina 1982 CA 
5 18 Cervix 1981 CIN 16 S 
Vagina 1981 VaIN 
6 45 Cervix — 1983 CIN 3 M 
7 20 Cervix 1982 CIN 5,6 S 
Vagina 1982 CA 
Vulva 1982 CA 
8 50 Cervix 1983 CIN M 
Vagina 1982 VaIN 
9 26 Cervix 1980 CA S 
Vagina 1980 VaIN 
10 77 Cervix 1980 CIN 16 M 
Vulva 1983 VIN 
li 20 Cervix 1982 CIN 6 M 
i Vagina 1983 CA 
Vulva 1983 CA M 
12 42 Cervix 1981 CIN 2,3,5,6 M 
Vagina 1982, 1983 CA, VaIN 3,6 
13 26 Cervix 1981, 1982 CIN M 
Vagina 1982 - CA 
Vulva 1982- CA 
14 23 Cervix 1982 CIN 3,5,6 S 
Vagina 1982 CA 
Vulva 1982 CA 
15 21 Cervix 1984 CIN 2 M 
Vagina 1982, 1984 CA. 2 
Vulva 1984 CA 2,16 
16 24 Cervix 1984 CIN 3,5,6 M 
Vagina 1982 ValN 3,6 
Vulva 1982 CA 
17 39 Cervix 1982 CA 2,6 S 
Vagina 1982 VaIN 
Vulva 1982 VIN 
18 21 Cervix 1982 CIN S 
Vulva 1982 CA 6 
19 21 Cervix 1981 CIN S 
Vulva 1982 CA 6 
20 36 Cervix 1975, 1982 CA M 
Vagina 1982 VaIN 
Vulva 1982 VIN 16 





CIN = Cervical intraepithelial neoplasia; CA = condyloma acuminatum} VaIN = vaginal intraepithelial neoplasia; VIN = 
vulvar intraepithelial neoplasia; M = metachronous; S = synchronous. 


*All patients had HPV identified with the use of Southern blot hybridization under low-stringency conditions. 


Statistical analysis. Differences in T-lymphocyte 
subsets were determined by the Student’s £ test. OKT4/ 
OKT8 ratios were compared by Student’s ¢ test of the 
logarithm of ratios. The responses of the lymphocytes 
to the mitogens expressed as proportions were com- 
pared with the use of Fisher’s exact test. 


Results 


All of the study patients had lesions from which HPV 
genomes were detected by deoxyribonucleic acid hy- 
bridization. The types of HPV detected are summa- 
rized in Table I. Many of the studied ‘patients had more 


than one type of HPV identified from genital neoplasia 
or papilloma. As shown in Table II, 75% of the patients 
with genital neoplasia-papilloma syndrome had con- 
dyloma acuminatum and 16 patients (80%) had various 
grades of cervical intraepithelial neoplasia. Eight of the 
patients (40%) had vaginal intraepithelial neoplasia, 
and four (20%) of them had vulvar intraepithelial neo- 
plasia. Eleven (55%) of the 20 patients also had recur- 
rent candidal infections of the vulva and vagina. Herpes 
simplex (30%) and herpes zoster (15%) were also fre- 
quent occurrences in the patients with genital neopla- 
sia-papilloma syndrome. None of the 20 patients had 
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Table IV. Leukocyte determinations of genital neoplasia-papilloma syndrome and control populations 


Test Control 
Total leukocytes (No. of cells/ml) ' 7500 
Total lymphocytes (No. of cells/ml) 2012 
Pan T (OKTII) 
No. 1554 
% qi 
Mature T (OKT3) 
No. 1442 
%o 72 
Helper T (OKT4) 
No. 1002 
% 50 
Suppressor/cytotoxic T (OKT8) 
No. 358 
O 18 
OKT4/OKTS ratio 3.21 
: (+ 0.33 SE) 


invasive genital lesions. A summary of clinical infor- 
mation of the patients including ages, dates of diagnosis 
of papilloma or intraepithelial neoplasia, and types of 
HPV identified by Southern blot deoxyribonucleic acid 
hybridization is shown in Table III. | 

The response of the lymphocytes in patients with 
genital neoplasia-papilloma syndrome to each of the 
mitogens (pokeweed mitogen, concanavalin A, phyto- 
hemagglutinin, and tetanus antigen) was significantly 
decreased as compared with that of the control pop- 
ulation expressed as a percentage of normal (Fig. 1). 
The percentage of a normal response to the mitogens 
in control subjects versus patients with. genital neopla- 
sia-papilloma syndrome was as follows: pokeweed mi- 
togen, 95% versus 50%; concanavalin A, 95% versus 
40%; phytohemagglutinin, 95% versus 70%; tetanus 
antigen, 75% versus 35%. There was no significant dif- 
ference in the total number of lymphocytes, OKT4/ 
OKT8 ratios, or mitogen stimulation responses be- 
tween the patients with synchronous or metachronous 
genital neoplasia-papilloma syndrome. The study pa- 
tients demonstrated significant decreases in helper-sup- 
pressor-cytotoxic T-cell ratios (OKT4/OKTS ratio) 
when compared with control women (mean of 3.21 in 
control subjects versus 1.72 in patients with genital neo- 
plasia-papilloma syndrome, p < 0.05). The control 
value was well within normal limits for normal subjects 
in our laboratory (3.0 to 6.5) and only three patients 
with genital neoplasia-papilloma syndrome did not 
have ratios below the normal range. When patients 
were compared with control subjects, there was no sig- 
nificant difference between the ratios of mature T cells 
(OKT3) and total lymphocytes (OKT 11). The patients 
with genital neoplasia-papilloma syndrome had signif- 
icantly fewer OKT4-positive T cells (687 versus 1002, 
p < 0.05) and significantly greater numbers of OKT8- 





Genital 
neoplasta-papuloma Statistical 
syndrome analysis 
NS 
NS 
1584 NS 
80 
1447 NS 
Ta 
687 p < 0.05 
35 p < 0.001 
652 p < 0.001 
33 p < 0.001 
1.72 p < 0.05 
(+0.29 SE) 


positive T cells (652 versus 358, p < 0.001) as compared 
with control subjects (Table IV). 


Comment 


Our results illustrate that women with HPV infe- 
tions, who are otherwise healthy, have abnormalities n 
cell-mediated immunity. When we compared patients 
with genital neoplasia-papilloma syndrome (N = 2)) 
with 20 healthy control women there was a significant 
decrease in the lymphocyte proliferative response .o 
the mitogens (pokeweed mitogen, concanavalin A, phy- 
tohemagglutinin, and tetanus antigen) and in: the 
helper/suppressor-cytoxic T-cell ratio. The patients 
with genital neoplasia-papilloma syndrome had a 
greater percentage of OKTS8-positive T cells when com- 
pared with control subjects (p < 0.001). We found ro 
significant difference in the proportions of total T cels 
(OKT11) and mature T cells (OKT3) as compared wih 
those of control subjects. | 
~ Seski et al? reported a significant decrease in lyn- 
phocyte transformation responses to phytohemaggla- 
tinin, pokeweed mitogen, and concanavalin A when 
women with condyloma acuminatum were compared 
with a control population. Additionally, the same 
group® also found that women with vulvar intraepiths- 
lial neoplasia had significantly lower lymphocyte trans- 
formation responses when compared with age-matched 
control women. In 20 women whose immunoincorn- 
petence was demonstrated by a deficient response :o 
the mitogens, reversed OKT4/OKTS ratios, or bota, 
all had neoplasia of the lower genital tract with histo- 
logic evidence of HPV." 

These data suggest that patients with multiple re- 
current condylomas and genital neoplasias (genital nev- 
plasia-papilloma syndrome) may have underlying im- 
munodeficiency. Eleven of the 20 patients with genital 
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neoplasia-papilloma syndrome described here had re- 
current candidal infections and nine had histories of 
either herpes simplex or herpes zoster infections before 
the development of clinical manifestations of HPV in- 
fection. This history of frequent viral and fungal in- 
fections is characteristic of the immunocompromised 
host. Porreco et al.'' have reported a nearly fourteen- 
fold increase in the incidence of intraepithelial neopla- 
sia of the cervix among renal homograft recipients as 
compared with age-matched women from eee 
population. 

This syndrome, genital neoplasia-papilloma syn- 
drome, may represent suppression of immunosur- 
veillance, which permits repeated or persistent HPV 
infections and allows neoplastic transformation of the 
host cells by an unknown mechanism." Alternatively, 


immunosupppression may promote the activation of 


oncogenic viruses or genomes other than HPV that are 
present in genital tissues. zur Hausen" has proposed a 
model of synergism of papillomavirus infection leading 
to ace ad ane neoplasia and finally to invasive can- 

He postulated that HPV infection produces pro- 
eae of papilloma cells, whick become progres- 
sively more undifferentiated because of the mediating 
effects of oncogenes or substances that activate onco- 
genes. The permissiveness of the host’s immune system 
may then allow progression of abnormal cellular pro- 
liferation. His hypothesis is in line with the concept that 
immunodeficiency promotes or allows the development 
of intraepithelial neoplasia in those with multiple HPV 
infections. 

Alternatively, fulminant HPV infection may suppress 
natural immune function by a vet unknown mecha- 
nism. The relationship between the reduction of im- 
munocompetence in the host and HPV infection needs 
further investigation. 
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.A macrophage defect in women with recurrent 
Candida vaginitis and its reversal in vitro oy prostaglandin 


inhibitors 


Steven S. Witkin, Ph.D., Judith Hirsch, B.N., and William J. Ledger, M.D. 


New York, New E 


The passibied votvernent of a defect i in cellular immunity in the etiology of reunen vaginal candidiasis 
was explored. The mean and range of in vitro lymphocyte proliferative responses induced by mitogens 
were comparable in 65 patients and 36 control subjects. In. contrast, Candida-directed proliferation was 
reduced at least 70% below the meañ control value in 73% of the patients. Further analyses on selected 
patients demonstrated that lymphocytes of the patients responded in the normal range to Candida if. 
incubated in the presence of control macrophages. Conversely; macrophages of patients inhibited, the 
responses of control lymphocytes to Candida. These effects were independent of mixed leukocyte 
reactions between allogeneic cells. Addition of the prostaglandin inhibitors: ibuprofen and indomethacin: 
prevented macrophages of patients from inhibiting patient or control lymphocyte proliferation. In response 
to Candida, macrophages from some women with recurrent vaginitis produce prostaglandin, which blocks 
the lymphocyte proliferation response to this organism. (Am J Osstet GYNECOL 1986;155:790-5.) 


Key words: Cindia albicans, vaginitis, Brosapladin inhibitors, macrophage, prostaglandin 


Vaginitis is the most frequent illness seen by gyne- 
cologists, and yet it has received little research interest. 
Although it is not life-threatening, the symptoms can 
be debilitating and seriously affect interpersonal rela- 
tionships. Sexual intercourse often becomes uncom- 
fortable and painful. In addition, the discharge is a 
constant reminder to the patient that she has a.problem. 
In a large percentage of cases, vaginitis is due to in- 
fection by the fungus Candida albicans. Local application 
of antifungal agenits is usually effective in eradicating 
the infection and relieving symptoms. However, in 
about 5% of women, infection recurs after cessation of 
treatment and repeated cycles of infection, treatment, 
and reinfection lasting years are seen. 

C. albicans is present in the alimentary tract and vag- 
inal mucous membranes of most women, where it leads 
a commensal existence. Symptoms due to overgrowth 
of Candida are often related to the use of antibiotics 
that alter the endogenous microbial flora, during nor- 
mal pregnancy and less frequently. because of diabetes; 
other endocrinopathies, or. defects in cellular immu- 
nity."? Most individuals possess Candida-specific anti- 
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bodies," but this does not prevent the development of 
clinical infections.” 

In women with normal endocrinologic profiles, there 
is some evidence that recurrent candidal vaginitis is 
associated with a defect in the cellular i immune response 
to C. albicans. Peripheral blood mononuclear cells from 
65% of 23 women with recurrent vaginitis exhibited a 
reduced proliferative response. to a Candida extract; 
macrophage ingestion of Candida appeared to be nor- 
mal.? In ah examination of six women with recurrent 
candidal vaginitis, we: demonstrated that peripheral 
blood mononuclear cells exhibited normal proliferative 
responses to. mitogens but were deficient in Candida- 
induced responses,’ In addition, peripheral blood 
mononutlear cells or sera.of the patients inhibited the 
proliferative response of coritrol peripheral blood 
mononuclear cells to Candida extract. This suggested 
that peripheral blood mononuclear cells from these 
women released a soluble factor that blocked Candida- 
induced proliferation of peripheral blood mononuclear 
cells. | | 

We now report on the results of a much larger in- 
vestigation measuring responses of peripheral blood 
mononuclear cells to C. albicans extract, phytohemag- 
glutinin, concanavalin A, and pokeweed mitogen in 65 
women with recurrent candidal vaginitis. Some mac- 
rophages and lymphocytes of patients were also isolated 
and admixed with control macrophages and lympho- 
cytes, and effects on Candida-directed proliferation 
were determined. Last, the ability of prostaglandin in- 
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Fig. 1. Mitogen-induced responses of peripheral blood mono- 
nuclear cells in women with vaginitis. Peripheral blood mono- 
nuclear cells from 65 patients were examined for proliferative 
responses to concanavalin A (Con A), phytohemagglutinin, 
(PHA), and pokewood mitogen (PWM) by measured uptake 
of CH) thymidine. The horizontal lines indicate the mean values. 


hibitors to stimulate the lymphocyte response to Can- 
dida was examined, 


Material and methods 


Sixty-five women with recurrent C. albicans vaginal 
infections, as determined by culture and microscopic 
examination, and who had a history of three or more 
previous similar infections within the preceding 12 
months composed our experimental group. Women 
with diabetes, other endocrinopathies, iron deficiency, 
or hypocalcemia or who were currently using antibiotics 
or oral contraceptives were excluded from this study. 
Apparently healthy women with no history of recurrent 
vaginitis or conditions that would exclude them from 
the experimental group were used as controls. All pa- 
tients were tested on a single occasion while symptom- 
atic and before treatment. No patient or control was 
receiving any medication at the time of the study. 

Peripheral blood mononuclear cells were isolated 
from heparinized blood samples by Ficoll-Hypaque 
gradient centrifugation. Serum was obtained from un- 
heparinized blood by centrifugation and stored at — 20° 
C until used. 

Peripheral blood mononuclear cells (2 x 10° cells per 
well) were added to wells of 96-well U-shaped sterile 
tissue culture plates (Vanguard International, Neptune, 
New Jersey) containing 10% human AB serum (M. A. 
Bioproducts, Walkersville, Maryland) in RPMI 1640 
medium with 25 mmol/L Hepes buffer and L-glutamine 
(Gibco, Grand Island, New York) and supplemented 
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Fig. 2. Candida albicans extract—induced responses of periph- 
eral blood mononuclear cells in women with vaginitis. Periph- 
eral blood mononuclear cells from 65 patients were examined 
for Candida extract—induced proliferation with the use of (°H) 
thymidine uptake. The horizontal lines indicate the mean 
values. 


with penicillin (100 units/ml), streptomycin (100 ug/ 
ml), and kanamycin (100 pg/ml) (Gibco). The final 
value in each well was 0.2 ml. 

Lymphocyte proliferation in response to phytohe- 
magglutinin (5 ug/ml), concanavalin A (20 g/ml), 
pokeweed mitogen (10 pg/ml), and C. albicans allergen 
extract (5 pg/ml) were performed. The plant mitogens 
(Sigma Chemical Co., St. Louis, Missouri) were of the 
highest purity available. The Canazda extract (Hollister- 
Stier, Spokane, Washington) contained 50% glycerin as 
a preservative. The final glycerin concentration in the 
cultures was 0.4%; this level of glycerin had no effect 
on mitogen or Candida-induced cell proliferation. 

The choices of final mitogen and Candide concentra- 
tions were based on dose-response curves performed 
in three healthy women and six patients. New dose- 
response curves were generated whenever a new lot of 
antigen was used. Peak proliferative responses were 
obtained at 7 days with Candida, 3 days with phytohe- 
magglutinin and concanavalin A, and 5 days with poke- 
weed mitogen. These times were used in all experi- 
ments., Use of a shorter or longer time period or higher 
or lower concentration of Candida extract did not im- 
prove the patient’s lymphocyte proliferative response.‘ 
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Table I. Proliferative responses of lymphocytes 
` from healthy women and from patients with 
Candida vaginitis 









Total responses (%) 


Reduced? | Absent 





Antigen 


Control subjects (n = 36) 


Candida 81 14 5 
Concanavalin A 92 8 0 
Phytohemagglutinin 94 6 0 
Pokeweed mitogen 92 6 0 
Patients (n = 65) 
Candida 27 5] 22 
Concanavalin A 83 16 l 
Phytohemagglutinin 83 17 0 
Pokeweed mitogen 85 15 0 


*A normal response is =70% of the mean control value. 
tA reduced response is <70% of the mean control value. 


At 18 hours before termination of culture, 0.2 wCi 
of (methyl-H)thymidine (6.7 Ci/mmol, New England 
Nuclear, Boston, Massachusetts) was added to each 
well. Cells were collected with a multiple automatic sam- 
ple harvester (Mash II, M. A. Bioproducts, Walkersville, 
Maryland) onto glass fiber filters, which were then 
washed and dried, and radioactivity was determined in 
a liquid scintillation counter. All assays were performed 
in triplicate and the mean values are reported. 

Peripheral blood mononuclear cells were separated 
into adherent (macrophage) and nonadherent (lym- 
phocyte) cell fractions by a published procedure.’ 10’ 
peripheral blood mononuclear cells were incubated in 
a sterile plastic Petri dish (Falcon No. 1029, Becton- 
Dickinson, Oxnard, California) for 30 minutes at 37° 
C. Non-adherent cells were then gently removed, 
washed in medium, and counted. Adherent cells were 
removed from washed plates by vigorous pipetting with 
sterile 10 ml pipettes (Falcon) with the use of cold me- 
dium, washed in medium, and counted. Purity of the 
adherent cell preparation was determined by nonspe- 
cific esterase stain.® At least 90% of the cells were pos- 
itive for nonspecific esterase. Adherent and nonadher- 
ent cells from patients and control subjects were re- 
combined in various preparations in triplicate wells 
(2 x 10° cells per well) in the presence of 10% AB 
serum in RPMI 1640 medium plus antibiotics, as above, 
and 5 ug/ml of Candida extract. (Methyl-“H)thymidine 
was added after 6 days and the cells were harvested 18 
hours later. 

Inhibitors of prostaglandn synthesis, ibuprofen (Up- 
john Co., Kalamazoo, Michigan) and indomethacin 
(Sigma), and an inhibitor of leukotriene synthesis, nor- 
dihydroguaiaretic acid (Sigma), were added at the ini- 
tiation of cell cultures. 

Each was prepared as 100 mmol/L stock solutions in 
absolute ethanol. The solutions were diluted with me- 
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dium so that final concentrations of ethanol never ex- 
ceeded 0.1% per culture. Previous studies indiceted 
that only ethanol concentrations >0.2% had an ob- 
servable effect on lymphocyte proliferation. 

Statistical significance was evaluated with the use of 
Student’s ¢ test. 


Results 


Proliferative responses of peripheral blood mono- 
nuclear cells from women with recurrent vaginitis. 
Peripheral blood mononuclear cells from 65 patients 
and 36 control subjects were assayed for proliferation 
in response to stimulation by the mitogens phytone- 
magglutinin, concanavalin A, and pokeweed mitogen 
and by én extract of C. albicans. The mean distributon 
and levels of (H)thymidine incorporation in the cul- 
tures stimulated by the three mitogens were coma- 
rable with the use of control and patient peripheral 
blood mononuclear cells (Fig. 1). In marked contrast, 
the mean level of Candida-induced peripheral blcod 
mononuclear cell stimulation was significar tly 
(p < 0.001) reduced in patients with vaginitis (Fig. 2). 
A summation of the individual responses is shown in 
Table I. Normal proliferative responses to mitogens 
(>70% of the control mean value) were exhibited by 
92% to 94% of the control subjects and 83% to 85% of 
patients with vaginitis. Although the mean values were 
not significantly different from those of control swb- 
jects, reduced mitogen-induced responses were ob- 
served in 15% to 17% of patients; one woman did aot 
respond at all to concanavalin A. Major differences 
were observed, however, in the responses to C. albicans. 
Normal C. albicans—induced responses were observed 
in 81% of the control subjects but in only 27% of the 
patients with recurrent vaginitis. Of the remainder, 
14% of control subjects and 51% of patients exhibited 
reduced responsiveness while in 5% of control subjects 
and 22% of patients, no response was observed. The 
two control women who were unresponsive to C. am- 
cans also showed reduced responses to the three ni- 
togens. Most of the patients who were unresponsive to 
C. albicans exhibited normal mitogen-induced prolf- 
eration. 

Recombination experiments with control macro- 
phages and lymphocytes. To identify the defective cll 
type(s) responsible for the poor proliferative responses 
of peripheral blood mononuclear cells of patients to 
Candida, recombination experiments were first per- 
formed with lymphoid cells from two control subjects 
and two patients with reduced C. albicans—induced pro- 
liferation and normal mitogen responses. Macrophage- 
enriched adherent and lymphocyte-enriched nonad- 
herent cell fractions, isolated from peripheral blood 
mononuclear cells of patients and control subjects, were 
admixed in various combinations and the capacity af 
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Table II. Effect of autologous and allogeneic adherent cells on mixed leukocyte reaction and Candida- 


induced lymphocyte proliferation 





Lymphocytes Adherent ceils (%) 
Control | — 0 
Control l Control | 10 
Control 1 Control | 20 
Control I Control 2 10 
Control | Control 2 20 
Control | Patient | 10 
Control | Patient | 20 
Patient | — 0 
Patient | Patient | 10 
Patient | Patient | 20 
Patient | Control l 10 
Patient | Control | 20 
Patient | Control 2 10 
Patient 1 Control 2 20 
Patient 2 — 0 
Patient 2 Patient 2 10 
Patient 2 Patient 2 20 
Patient 2 Control | 10 
Patient 2 Control | 20 
Patient 2 Control 2 10 
Patient 2 Control 2 20 


Mixed 
Candida leukocyle Candida 

(total) reaction (net) 

281 — a 
4,581 374 4,207 
4,973 352 4,62] 
8,050 3,469 4,58] 
11,718 5,052 6,666 
6,754 3,989 2,765 
7,583 5,943 1,640 

189 — _ 
1,468 216 1,252 
1,680 388 1,292 
13,640 5,609 8,03] 
15,119 5,283 9,836 
10,547 4,913 5,634 
10,278 7,117 3,161 

395 m m 
3,444 484 2,960 
3,140 364 2,770 
8,127 2,708 5,419 
11,083 5,598 5,485 
5,986 886 5,100 
10,601 4,349 6,252 


Proliferation (cpm) 





the cultures for Candida-induced lymphocyte prolif- 
eration was measured. 

Lymphocyte proliferation in the allogeneic cultures 
in the absence of Candida measures stimulation by non- 
histocompatible cells (mixed leukocyte reaction). Lym- 
phocytes of patients and control subjects were stimu- 
lated to similar extents by allogeneic cells. Subtraction 
of these values from the results obtained in the presence 
of Candida yields the net effect of Candida on lympho- 
cyte stimulation. Although lymphocyte stimulation in 
the absence of Canaida differed depending on whether 
autologous or allogeneic cells were used, the homo- 
geneous response to allogeneic cells and the subsequent 
effects of prostaglandin inhibitors (see below) make it 
unlikely that the increased Candida-induced stimulation 
of patients’ lymphocytes by control adherent cells was 
due to a mixed leukocyte reaction. 

In the absence of macrophages, no proliferative re- 
sponse to Candida was evident in any of the cultures 
(see Table II). This highlights the requirement of mac- 
rophages for lymphocyte responses to Candida and also 
validates the effectiveness of the cell separation pro- 
cedure used. As observed with unfractionated periph- 
eral blood mononuclear cells, significantly reduced 
Candida-induced proliferation (p < 0.01) was observed 
in the two cultures containing only isolated components 
of peripheral blocd mononuclear cells of patients. 
However, the substitution of control macrophages to 
final concentrations of 10% or 20% resulted in each 
case in a marked increase in proliferation of patient 


lymphocytes in response to Candida. The levels were 
comparable to those observed in control cultures. Con- 
versely, in the presence of macrophages of patients, 
Candida-induced proliferation of control lymphocyte 
cultures was significantly reduced (p < 0.01) from that 
found in control cultures. Therefore lymphocytes of 
patients were functional and capable of responding to 
Candida. Their macrophages were responsible for ab- 
rogating this lymphocyte response. 

Essentially similar results have been observed in re- 
combination experiments involving adherent cells and 
lymphocytes from six additional patients. Substitution 
of control adherent cells for those of the patients re- 
sulted in a 72% mean increase in Candida-induced pro- 
liferation by lymphocytes of patients while substitution 
of adherent cells of patients for thase of control subjects 
led to a 66% mean reduction in control lymphocyte 
proliferation in response to Candida. In a seventh pa- 
tient, not included in the prior analysis since both C. 
albicans-induced and mitogen-induced responses of 
peripheral blood mononuclear cells were reduced, sub- 
stitution of adherent control cells had no effect on the 
defective lymphocyte response. 

Effect of ibuprofen on macrophages of patients. 
One mechanism whereby macrophages may inhibit 
lymphocyte proliferation is the production of prosta- 
glandin E». It has been demonstrated in other systems” 
*that prostaglandinE, produced by macrophages inhib- 
ited production of interleukin 2, an essential T-lym- 
phocyte growth factor, by T lymphocytes. Therefore, 
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Fig. 3. Effect of ibuprofen on macrophage-induced inhibition 
of lymphocyte proliferation. Mixtures of patient macrophages 
and control lymphocytes (4,4) or patient macrophages and 
patient lymphocytes (@,0} were tested for Candida-induced 
proliferation in the presence (open symbols) or absence (solid 
symbols) of 4 pmol/L ibuprofen. The bars indicate standard 
deviations from six experiments. 


ibuprofen, an inhibitor of prostaglandin biosynthesis, 
was used to assess its effect on the cell cultures. Addition 
of 4 pmol/L ibuprofen to cell cultures composed of 
macrophages of patients plus lymphocytes of patients 
or control subjects resulted in restoration of normal 
lymphocyte proliferative responses to Candida in all six 
patients tested (Fig. 3). This result suggested that mac- 
rophages of patients, in response to Candida, produced 
excess prostaglandin, which then inhibited prolifera- 
tion of peripheral blood mononuclear cells. It also ap- 
peared that macrophages of patients were fully capable 
of ingesting, processing, and displaying Candida anti- 
gens for subsequent presentation to T lymphocytes. 
Titration of inhibitors of arachidonic acid metab- 
olism. Prostaglandins are produced via the cyclooxy- 
genase pathway of arachidonic acid metabolism while 
leukotrienes arise by metabolism of arachidonic acid 
via the lipoxygenase pathway.” Nordihydroguaiaretic 
acid, an inhibitor of this latter pathway, and two cy- 
clooxygenase pathway inhibitors, ibuprofen and in- 
domethacin, were used to provide further evidence of 
prostaglandin involvement in lymphocyte inhibition. In 
experiments with 14 patients, the proliferative re- 
sponses of peripheral blood mononuclear cells to Can- 
dida were a mean of 22% of the control response (Fig. 
4). Addition of 2 to 6 pmol/L ibuprofen or indometh- 
acin at culture initiation markedly stimulated the re- 
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Fig. 4. Etfect of inhibitors of arachidonic acid metabolism on 
Candida-induced lymphocyte proliferation. Peripheral blood 
mononuclear cells were assayed for Candida-induced prolif- 
eration in the presence of various concentrations of ibuprofen, 
indomethacin, and nordihydroguaiaretic acid (NDGA). The 
bars indicate standard deviations from 10 experiments. 


sponse of peripheral blood mononuclear cells. Higher 
concentrations of these compounds resulted in de- 
creased stimulation. Nordihydroguaiaretic acid was not 
stimulatory over the 2 to 10 mol/L range tested, in- 
dicating that a lipoxygenase pathway product is not 
involved in the inhibition. 


Comment 


Although defective in their response to Candida ex- 
tract, lymphoid cells from some women with recurrent 
candidal vaginitis were capable of normal function, as 
evidenced by their proliferative responses to three 
different plant mitogens. In addition, lymphocytes of 
patients became fully responsive to Candida when co- 
cultured with control or patient macrophages plus 
ibuprofen. A macrophage requirement for Candida-in- 
duced proliferation of peripheral blood mononuclear 
cells was also demonstrated and patient macrophages 
were shown to be capable of satisfying this requirement, 
but only in the presence of prostaglandin inhibitors. 
Recent work from our laboratory (manuscript in prep- 
aration) also indicated that lymphocytes of patients 
proliferated in response to Candida on addition of ex- 
ogenous interleukin 2, the major regulator of T-lym- 
phocyte proliferation. This again demonstrated that 
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macrophages of patients retained the capacity to ingest, 
process, and display Candida antigens on their surface. 

Macrophages from the patients examined in this 
study have an abnormal response to Candida. When 
incubated with Candida but not with three different 
plant mitogens, macrophages of patients appear to pro- 
duce prostaglandin in apparently sufficient concentra- 
tions to inhibit the lymphocyte prolifera:ive response 
to this antigen. This Candzda-induced cellular immune 
response could acccunt for their high susceptibility to 
recurrent vaginal candidiasis. 

At present, there :s no explanation for these women’s 
abnormal macrophzge responses. Studies of peripheral 
blood mononuclear cells from patients’ families are 
being initiated to determine if genetic factors may be 
involved. A relationship between responses of periph- 
eral blood mononuclear cells to Candida antigens and 
histocompatibility antigens has been repcrted for Jap- 
anese women.” The production of prostaglandin E by 
macrophages in response to a specific antigen can occur 
through an immeciate hypersensitivity response in- 
volving histamine release by sensitized Lasophils and 
mast cells.'' Patients are now being tested Zor a Candida- 
specific IgE response. 

In one patient (No.7) studied, inhibiticn was not re- 
versed by control macrophages; the immune defect in 
this case seemed to reside in the lymphccyte fraction. 
This indicates that women with recurren: vaginal can- 
didiasis are a hetercgeneous population with respect to 
specific immunolog:c abnormalities. Testing of each pa- 
tient is therefore necessary in order to pinpoint the 
problem. 

It may be noteworthy that 19% of the control women 
(seven of 36) with no history of vaginitis lso possessed 
lymphocytes that were unresponsive to Cendida antigen 
in vitro. As with the patients, addition of adherent cells 
from other control subjects restored th2 lymphocyte 
response (unpublisned data). This suggests that a de- 
fective cell-mediated immune response tc Candida may 
not, by itself, always lead to recurrent cancidal vaginitis. 
Additional factors may also be necessary for the de- 
velopment of clinical disease. The grow:h of Candida 
on mucosal surfaces is limited by the secretory products 
of other microorganisms and their competition for 
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available nutrients. Interference with the microenvi- 
ronment of the vagina, in such a way as to favor the 
multiplication of Candida, may also be a requisite for 
recurrent disease in susceptible individuals. 

Last, the effectiveness of prostaglandin inhibitors in 
vitro in restoring the proliferative responses of periph- 
eral blood mononuclear cells to Candida suggests that 
these compounds may be useful in conjunction with 
antifungal agents in vivo to more effectively prevent 
disease recurrence. Preliminary results indicate that 
some patients do benefit from taking ibuprefen. How- 
ever, since ibuprofen was only effective in vitro over a 
narrow range of concentrations the optimal dose may 
have to be determined individually for each patient. 
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Parity and use-effectiveness with the contraceptive sponge 


Susan L. McIntyre, M.P.H., and James E. Higgins, Ph.D. 


Research Triangle Park, North Carolina 


The results of a ea United States study indicated that the Today contraceptive sponge was ; less 
effective than the diaphragm (1-year cumulative life-table rate of 17.4 versus 12.9 pregnancies per 100 
women, p = 0.01). However, this overall comparison is misleading. Using univariate and multivariate 
analyses to account for the effects of user characteristics we found parity to be the most important single 
determinant of effectiveness for users of the ‘sponge, but parity was unimportant as a risk factor for 
pregnancy among diaphragm users. For nulliparous women the sponge was as effective as a physician- 
prescribed barrier method (13.9 for sponge, 12.8 for diaphragm, p = 0.45); however, parous women using 
the sponge were twice as likely to become pregnant (28.3 for sponge, 13.4 for diaphragm, p = 0.001), 
The effect of parity among sponge users is consistent with the results of international studies of the 


contraceptive sponge. (Am J Osstet GYNECOL 1986;155:796-801.) 


Key words: Contraceptive sponge, pregnancy, parity 


In April 1983, the United States Food and Drug Ad- 
ministration approved the Today contraceptive sponge 
for over-the-counter sales. It was the first new modality 
of contraception to be approved in the United States 
for two decades. It was also the first barrier method of 
contraception to undergo the clinical testing for safety 
and efficacy required for prescription drugs and 
devices. | ; 

The contraceptive sponge is disposable and is sold in 
one size, 5.5 cm in diameter and about 2.5 cm thick. It 
is made of soft polyurethane permeated with | gm 
of nonoxynol 9, which is activated when the sponge is 
moistened before insertion. In the 3 years since its in- 
troduction, the sponge has been the leading over-the- 
counter contraceptive for women. More than a million 
American women are estimated to use the sponge 
regularly.' 

Results have been reported for the comparative, mul- 
ticlinic United States trial of the contraceptive sponge 
that formed part of the data base on which Food and 
Drug Administration new-drug approval of the sponge 
was granted.” In that randomized study of 1454 
women, the sponge was compared with the diaphragm 
used with a contraceptive cream containing 2.0% non- 
oxynol 9. Overall, the 1-year cumulative life-table preg- 
nancy rates were higher for sponge users than for di- 
aphragm users (17.0 and 12.5 per 100 women,* re- 
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*These rates differ slightly from those we report due to the difference 
in methodology that we describe later. 
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spectively, p < 0.05). Parous sponge users had the 
highest pregnancy rates (l-year rate, 27.7*) among the 
subgroups defined by stratification on the following 
user characteristics: (1) number of additional children 
desired, (2) previous use of vaginal contraceptive meth- 
ods, (3) educational level, (4) age, (5) religion, (6) mar- 
ital status, (7) parity, and (8) average weekly coital <re- 
quency before entry in the study. | 

‘Previous studies of vaginal contraceptives have con- 
sistently reported that pregnancy rates are higher 
among women who: (1) intend to delay rather than 
prevent pregnancy, (2) are new users rather than ex- 
perienced users, (3) are less educated, (4) are young, 
and (5) are less affluent.* ' Other user characteristics 
including parity, marital status, religion, and ccital 
frequency’? have been studied, but conclusions on their 
importance are equivocal. This paper examines the 
high rate of pregnancy found among parous sponge 
users in the United States trial, taking into account the 
interrelationship of parity with other user charac-er- 
istics. Results are compared with findings from in-er- 
national studies. 


Subjects and methods 

The 13 centers participating in this comparative trial 
conducted the study according to a common protocol. 
Data were collected on standardized forms at admisson 
and every 3 months for | year. To be admitted to the 
trial, the volunteers had to meet specified selection zri- 
teria: be 18 to 40 years of age, be generally healthy, 
have no anatomic abnormalities that might prevent suc- 
cessful use of either method, and be at risk of preg- 
nancy. In addition, each woman had to have hac at 


*These rates differ slightly from those we report due to the 
difference in methodology that we describe later. . 
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Table I. Twelve-month cumulative pregnancy rates for selected characteristics 





Previous use of vaginal 


method 

Yes 266 

No 457 
Age (yr) 

<25 307 17. 

225 416 17.6 
Religion 

Catholic 140 18.6 

_ Other 583 17.1 


Marital statust 


Currently married 199 
Not currently married 524 
Education§ 
<13 yr 166 29; 
=13 yr. 557 15.6 


No. of additional chil- 
dren -desired|| 


None 244 14.9 
=] 464 

Parity 
Nulliparous 539 13.9 
Parous{ 184 28.3 


Average coital fre- 
quency at admission 
(per week) 
<4 


24 227 19.4 


*Kaplan-Meier estimates, pregnancies per 100 women. 


Sponge 
No. of Pregnancy 
women rate* 


496 16.3 










Diaphragm 


Pregnancy 
rate™ 












No. of 
women 


p Valuet 


248 10.9 0.11 
469 14.1 0.05 
339 17.6 0.57 
378 9.2 <0.00 
14] 13.7 0.40 
576 12.7 0.02 
162 6.3 <0.00 
554 14.5 0.43 
170 91.8 0.57 
546 10.7 0.0] 
298 13.3 0.46 
47i 12.4 <0.00 
560 12.8 0.45 
157 13.4 <0.00 
517 10.0 <0.01 
900 20.9 0.82 


tp Value for the Breslow test of equality o? pregnancy rate curves. 


Information was missing on the marital status for one diaphragm user. She became pregnant. 
§Information was missing on the educational level for one diaphragm user. She did not become pregnant. 


[Information was missing on the number of additional children desired for 15 sponge users and 18 diaphragm users. One of 
the sponge users and two of the diaphragm users became pregnant. 


{Parous category includes two women whose only term pregnancies ended in stillbirth. 


least one menstrual period since her last pregnancy and 
had to be willing te return for the scheduled follow-up 
visits. l l 

Women were randomly allocated to one of the two 
coniraceptive methods. Both diaphragm and sponge 
recipients were instructed on the proper use of their 
method. Instructions to sponge users in this trial in- 
cluded the statement that a sponge could be used for 
48 hours. In approving the sponge for marketing, the 
Food and Drug Administration limited the time a single 
sponge could be used to 24 hours. 

A total of 1453 women were admitted to the trial. 
The total is one less than the number reported in a 
previous article? because of further review of all case 
report forms. For the purpose of this analysis, a preg- 
nancy was included if the estimated date of conception 
was any time between 7 days before admission to the 
study and 7 days after last use of the assigned method. 
Thirteen of the women admitted to the study (nine 
sponge and four diaphragm users) were excluded from 


the analysis because their estimated dates of conception 
were earlier than 7 days before admission. With these 
exclusions, there remained 1440 women fo~ analysis— 
723 sponge users and 717 diaphragm users. 

Two women had an estimated date of conception 
within the 7 days preceding their admission dates; their 
time in the study was defined as 1 day. For the re- 
mainder of the subjects, the times between admission 
and termination were exact. . 

The Kaplan-Meier® approach was used to estimate 
pregnancy rates for sponge and diaphragm users strat- 
ified by user characteristics. The difference in preg- 
nancy rate curves was compared by using the Breslow 
modification of the Wilcoxon nonparametrx rank test.’ 
The life-table regression method of Cox? was used to 
evaluate the simultaneous effects of user character- 
istics ‘and their interactions and to identi=y a critical 
set of characteristics that explain the difference in 
use-effectiveness of the methods. Cumulative life-table 
rates are expressed as pregnancies per 100 women. 
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Table II. Twelve-month cumulative pregnancy rates for selected characteristics of nulliparous women 








Sponge Diaphragm 


Pregnancy 
i rale” 











No. of Pregnancy 


women rate* 


No. of 
women 






p Valuet 


Previous use of vaginal 


method l 

Yes . 205 11.3 196 7.9 0.43 

No 334 15.7 364 14.7 0.70 
Age (yr) 

<25 264 12.8 < 299 17.6 0.58 

=25 275 14.8 261 8.3 0.05 
Religion 

Catholic 108 13.4 114 12.8 0.77 

Other 431 14.1 446 12.7 0.33 
Marital status 

Currently married 100 | 18.4 99 6.2 0.04 

Not currently married 439 13.0 461 14.2 0.97 
Education 

<13 yr 102 15.2 115 21.7 0.59 

213 yr 437 3.6 445 10.9 0.22 


No. of additional chil- 
- dren desiredt 


None 182 12. 175 15.3 0.69 

>l, 347 | 373 11.7 0.17 
Average coital fre- 

quency at admission 

(per week) 

<4 358 oe e 399 Y 99 0.39 

a4, 18] 16.6 1G] 20.7 0.94 


*Kaplan-Meier estimates, pregnancies per 100 women. 


tp Value for the Breslow test of equality of pregnancy rate curves. 
Information was missing on the number of additional children desired for 10 sponge users and 12 diaphragm users. One of 


the diaphragm users became pregnant. 


Results 


Sociodemographic characteristics. The sociodemo- 
graphic characteristics of the sponge and diaphragm 
groups were similar, and details have been reported 
previously.” Briefly, most of the women were young 
(71% between 20 and 29 years of age), well educated 
(76% beyond high school), unmarried (75%), white 
(94%), and employed (73%). Thirty-six percent of the 
women relied primarily on a ‘vaginal method of con- 
traception in the months before enrollment. Also, while 
approximately three quarters of both groups had never 
had a live birth, half of the women in each group had 
been previously pregnant. 

Use-effectiveness. In keeping with the definition 
of use-effectiveness, all reported pregnancies were in- 
cluded, regardless of whether they were considered to 
be due to method or user failure. There were 88 sponge 
users and 61 diaphragm users who became pregnant. 
The 12-month cumulative pregnancy rates were 17.4 
and 12.9 (p = 0.01) for sponge and diaphragm users, 
respectively.* 


*Because of the change in inclusion criteria for pregnancies, 
defined earlier, the number and rate of pregnancies differ 
slightly from those reported previously.’ 


Except among women less than 25 years old and 
women with an average weekly coital frequency before 
admission of 24, sponge users had higher 12-month 
cumiulative pregnancy rates when compared with dia- 
phragm users (Table I). Women using either method 
had lower 12-month cumulative pregnancy rates if they 
were experienced with vaginal contraceptives, had >13 
years of education, were nulliparous, had an average 
weekly coital frequency before the trial of <4, or were 
not Catholic. The largest differences in 12-month cu- 
mulative pregnancy rates between sponge and dia- 
phragm users were for women who were currently mar- 
ried (25.1 for sponge and 6.3 for diaphragm users, 
p = 0.0002) and women who were parous (28.3 for 
sponge and 13.4 for diaphragm users, p = 0.0013). 

In a Cox regression that included terms for contra- 
ceptive method (sponge or diaphragm), along with all 
the user characteristics in Table I and their interactions 
with contraceptive method, the interaction between 
parity and contraceptive method stood alone as the 
most important predictor of pregnancy. On the basis 
of the regression model, the parous sponge users were 
at greatest risk for pregnancy. The model also revealed 
that younger women, less educated women, and women 
with a higher level of coital frequency at entry in the 
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Table III. Twelve-month cumulative pregnancy rates for selected characteristics of parous wemen 


Previous use of vaginal 
methods 





Yes 61 26.7 

No 123 27.8 
Age (yr) 

<25 43 58.3 

=25 141 23.3 
Religion 

Catholic 32 37.8 

Other 152 26.4 
Marital status 

Currently married 99 32.3 

Not currently married 85 23.6 
Education§ 

<13 yr 64 43.5 

213 yr 120 22:9 
No. of additional chil- 

dren desired] 

None 62 23.9 

=] 117 31.3 
Average coital fre- 

quency at admission 

(per week) 

<4 138 21:9 

=4 46 31.1 


*Kaplan-Meier estimates, pregnancies per 100 women. 


Diaphragm 
No. of Pregnancy 
women rate* p Valuet 
52 15.1 0.12 
105 11.9 0.0] 
40 17.2 0.02 
117 11.9 0.02 
27 15.4 0.03 
130 12.6 0.01 
63 6.5 0.01 
93 16.6 0.06 
55 21.5 0.16 
101 9.6 0.00 
53 6.0 0.04 
98 15.2 0.01 
118 10.8 <0.00 
39 21.2 0.65 


tp Value for the Breslow test of equality of pregnancy rate curves. 


Information was missing on the marital status for one diaphragm user. She became pregnant. 


§Information was missing on the educational level for one diaphragm user. She did not become pregnant. 


Information on the number of additional children desired was missing for five sponge users and six diaphragm users. One 
of the sponge users and one of the diaphragm users became pregnant. 


study were at greater risk of pregnancy regardless 
of their method of contraception. 

In the univariate analysis, marital status appears to 
interact with method (Table I). However, two factors 
combine to diminish the effect of marital status when 
considered simultaneously with other user character- 
istics: the strength of the parity-methad interaction and 
the interrelationship of marital status with parity. Be- 
cause oT the importance of the parity-method inter- 
action, we divided the data and analyzed them sepa- 
rately for parous and nulliparous users. 

Pregnancy rates by user characteristics for nullip- 
arous women. Except for women aged =25 and women 
currently married, ]2-month pregnancy rates did not 
vary much between nulliparous sponge and diaphragm 
users (Table II). Analysis using the Cox regression 
model to account simultaneously for contraceptive 
method, user characteristics, and user characteristic in- 
teractions with contraceptive method indicated that the 
major risk factors for pregnancy among nulliparous 
women were weekly coital frequency before entry in 
the study and education level. Contraceptive method 
was not an important risk factor. Nulliparous women 


with low coital frequency and high education level were 
the least likely to get pregnant. while nulliparous 
women with high coital frequency and low education 
level were at the greatest risk of pregnancy. 

Pregnancy rates by user characteristics for parous 
women. In every subgroup the parous spcnge users 
had higher 12-month pregnancy rates when compared 
with the parous diaphragm users (Table IIL}. Further, 
the rates for sponge users were at least twice as high 
as those for diaphragm users in 10 of the 14 subgroups. 
The results of a Cox regression model, which simul- 
taneously accounted for contraceptive method as well 
as all the user characteristics in Table III and their 
interactions with contraceptive method, confirmed that 
contraceptive method was the mest important factor 
for predicting pregnancy among parous women. The 
model also showed that the pregnancy risk differential 
between sponge and diaphragm users changed with 
age. Among parous women less than 25 years old, 
sponge users were more than three times as likely as 
diaphragm users to become pregnant, while parous 
women 25 years or older were twice as likely to become 
pregnant if they used the sponge. 
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Table IV. Twelve-month cumulative pregnancy rates for women grouped by reproductive history 





Nulligravid 341 12.8 
Gravid-nulliparous 198 15.9 
Parous 184 28.3 


*Kaplan-Meier estimates, pregnancies per 100 women. 


No. of Pregnancy No. of Pregnancy | 
women rate* women _ rate* 











p Valuet 
345 12.4 0.69 
210): + 13.6 0.45 
157 13.4 <0.00 


tp Value for the Breslow test of equality of pregnancy rate curves. 


Previous pregnancy versus previous birth. For both 
sponge and diaphragm users, nulligravid women had 
the lowest 12-month pregnancy rates (12.8 for sponge 
and 12.4 for diaphragm, Table IV). Gompared with 
rates in nulligravid women, the pregnancy rates among 
gravid nulliparous women were a little higher for both 
sponge and diaphragm users (15.9 and 13.6, respec- 
tively). Gravid diaphragm users had about the same 
rate of pregnancy regardless of parity (13.4 for parous 
and 13.6 for gravid-nulliparous). In contrast, parous 
sponge users had a much higher failure rate when com- 
pared with those sponge users who had been pregnant 
but never carried the pregnancy to term (28.3 and 15.9, 
respectively). 


Comment 


A comparative trial of the Today sponge and the 
diaphragm with spermicide was conducted at 13 cen- 
ters in the United States. There was little difference in 
12-month pregnancy rates between nulliparous sponge 
and diaphragm users (13.9 and 12.8, respectively, 
p = 0.45). When parous women were included in the 
analysis pool, the overall 12-month life-table pregnancy 
rates were 17.4 for sponge users and 12.9 for dia- 
phragm users (p = 0.01). Analyzed separately, parous 
women were twice as likely to become pregnant within 
12 months if they used the sponge rather than the 
diaphragm (rates of 28.3 and 13.4, respectively, 
p = 0.001). By multivariate methods, parity was found 
to be the most important of eight user characteristics 
at predicting use-effectiveness in sponge users but was 
not an important risk factor for pregnancy among di- 
aphragm users. 3 

Three other variables were important in explaining 
differences in pregnancy rates, regardless of the 
method used. These variables were age, education, and 
weekly coital frequency before entry in the study. Youn- 
ger, less educated, and more sexually active women 
were at greater risk of pregnancy. This result agrees 
with previous studies of vaginal contraceptives. 

What might account for the large effect of parity in 
sponge users? Undiagnosed primary sterility did not 
appear to offer an explanation. Nulliparous sponge 


and diaphragm users had similar pregnancy rates, and 
women who had been pregnant but had not carried 
their pregnancies to term were a little more likely than 
nulligravid women to become pregnant while using el- 
ther contraceptive. 

It is possible that the randomization assigned the 
sponge to parous women who were at high risk of preg- 
nancy because of their level of motivation to use the 
sponge correctly and consistently. We considered this 
possibility in three ways: by assessing intention to avoid 
pregnancy, by assessing outcomes of contraceptive fail- 
ures, and by determining contraceptive compliance. 
Findings from two of the three assessments suggested 
that motivation did not explain the high risk of preg- 
nancy in parous sponge users. After eliminating preg- 
nancies that the physicians believed were due solely to 
incorrect use of contraception, the risk of pregnancy 
among parous sponge users was still twice that of nul- 
liparous sponge users (18.6 and 9.2, respectively). For 
diaphragm users the rate of method failure among par- 
ous women was half that among nulliparous women 
(2.3 and 5.0, respectively). Further, we determined that 
a woman’s stated desire to have no more children (pre- 
vent pregnancy) or one or more children (delay preg- 
nancy) was not among the most important variables for 
explaining the difference in pregnancy rates between 
sponge and diaphragm users (Table I and Cox regres- 
sion). However, when faced with a pregnancy during 
the study the parous sponge users were less likely to 
have an induced abortion than were parous diaphragm 
users who became pregnant (13 of 35 or 0.37 and 6 of 
11 or 0.55, respectively). 

Before the United States study, Family Health In- 
ternational conducted a multicenter trial of the zon- 
traceptive sponge and a foaming spermicidal tablet at 
two sites in Yugoslavia and single locations in both Tai- 
wan and Bangladesh. Contraceptive sponges were ran- 
domly assigned to 643 women (515 parous), and 641 
women (446 parous) received the foaming spermicidal 
tablet. The one-year life-table pregnancy rates (use- 
effectiveness) were 6.9 for nulliparous sponge users 
and 11.7 for parous sponge users compared with 11.4 
for nulliparous spermicide users and 12.6 for parous 
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spermicide users (unpublished data). These results are 
consistent with a parity effect among spange users. 

A randomized clinical trial conducted in the United 
Kingdom’ and Canada included 245 sponge users (62 
parous) and 246 diaphragm users (53 parous). Parous 
sponge users had a one-year life-table pregnancy rate 
of 35.5 compared with 21.9 for nulliparous sponge 
users. Among diaphragm users, the pregr.ancy rate was 
14.1 for parous women and 8.0 for nulliparous women. 
These results are consistent with an eftect of parity 
among both sponge and diaphragm users. 

In a recent report with the use of data pooled from 
international studies and the United States study," par- 
ity was found not to influence the method effectiveness 
(a judgment that the method alone was at fault) of the 
contraceptive sponge. In contrast, we found a consis- 
tent effect of parity by considering all accidental preg- 
nancies (use-effectiveness) and separating the world- 
wide data by protocols. 

Parity may be the best predictor of effectiveness 
of the Today sponge, and a mechanism in support of 
that possibility was suggested by investigators who stud- 
ied a collagen sponge. These investigators believed that 
the collagen sponge should be available in two sizes— 
one size for nulliparous women and a larger size for 
women with less vaginal tone as the result of child- 
bearing.’ '? Because the collagen sponge did not con- 
tain spermicide the developers were particularly con- 
cerned that it continuously cover the cervix, and they 
believed that two sizes would enchance this possibility. 
The Today sponge works to prevent pregnancy in three 
ways: as a barrier, as a mechanism for absorbing semen, 
and as a carrier for spermicide. However, one pub- 
lished report (not based on study data) states that the 
Today sponge works primarily as a carrier for sper- 
micide," the one mechanism of action nor held in com- 
mon with the collagen sponge. Whether a larger-sized 
Today sponge may reduce the risk of pregnancy among 
parous sponge users must at this point remain a matter 
of conjecture. 

The Today sponge has been better researched than 
any other over-the-counter contraceptive method. It 
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has proved to be a popular addition to the range 
of contraceptive choices open to American women. Our 
study indicates that for nulliparous women it is as ef- 
fective as the physician-prescribed diaphragm. How- 
ever, until further research has been done on the issue 
of effectiveness among parous and nulliparous women, 
any single statement on the use-effectiveness of the 
sponge may be an overstatement or understatement, 
depending on the woman’s history of childbearing. 


We wish to thank Dr. Malcolm Potts for his helpful 
discussions. 
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Oral contraceptives and insulin receptor binding in normal 
women and those with previous gestational diabetes 


Sven O. Skouby, M.D., Ole Andersen, M.D., and Claus Kühl, M.D. 


Copenhagen and Klampenborg, Denmark 


The effect of a low-dose triphasic oral contraceptive (ethinyl estradiol and levonorgestrel) on glucose 
tolerance, plasma insulin response to a glucose challenge, and insulin receptor binding to monocytes and 
erythrocytes was investigated in seven women with previous gestational diabetes and seven nondiabetic 
control subjects. Investigations were performed in the luteal phase before the hormonal intake and after 
hormonal treatment for 2 and 6 months. Before treatment, women with previous gestational diabetes had 
significantly impaired glucose tolerance (p < 0.05) when compared with the healthy controls, but no 
differences in insulin receptor binding were observed. Glucose tolerance and the insulin response to oral 
glucose remained unchanged in both groups during the treatment period. In the control subjects a 
significant decrease (p < 0.05) in insulin receptor binding to monocytes was observed after hormonal 
intake for 6 months whereas the insulin receptor binding remained unchanged in the women with previous 
gestational diabetes. No correlation was found between the receptor binding data obtained from 
monocytes and erythrocytes in either group of women. The study demonstrates that in lean nondiabetic 
women and women with previous gestational diabetes of normal weight without first-degree history of 
diabetes there is no apparent direct association between glucose tolerance, plasma insulin levels, and 
insulin binding to erythrocytes and monocytes during intake of low-dose oral contraceptives. (AM J OBSTET 


GYNECOL 1986;155:802-7.) 


Key words: Oral contraceptives, insulin receptors, glucose tolerance, gestational diabetes 


During the last decades altered carbohydrate metab- 
olism during intake of oral contraceptives has repeat- 
edly been reported. The changes observed depend on 
the dose and type of oral contraceptives used but most 
often include a decrease in glucose tolerance and/or a 
hyperinsulinemic response to glucose.' The mechanism 
behind the influence of the steroid compounds on glu- 
cose metabolism is not known in detail, but there is 
evidence that progestogen hormones alone or com- 
bined with artificial estrogens induce an increase in 
tissue resistance to insulin.” l 

Recently we have shown that administration of a new 
low-dose triphasic oral contraceptive has no adverse 
effect on glucose tolerance in nondiabetic women and 
in women with previous gestational diabetes.* Even 
though these clinical results are encouraging for a more 
extended use of oral contraceptives in women with pre- 
vious gestational diabetes the effects of oral contracep- 
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tives at the cellular level remain to be examined. Insulin 
initiates its cellular action by binding to a specific gly- 
coprotein receptor on the surface of the cell. In the 


"present study we have therefore measured the influ- 


ence of the triphasic compound on insulin receptor 
binding to monocytes and erythrocytes in nondiabetic 
women and in women with previous gestational dia- 
betes. The binding data have been correlated with 
plasma glucose and insulin levels measured during oral 
glucose tolerance tests. 


Material and methods 


Subjects. Seven women with previous gestational di- 
abetes mellitus and seven nondiabetic women were re- 
cruited into the study. Informed consent was obtained 
from all volunteers and the study was approved by the 
local ethics committee. The median age of the women 
with previous gestational diabetes (26 years, range 17 
to 27 years) was not significantly different from that of 
the controls (25 years, range 19 to 28 years). All women 
had a history of regular bleeding patterns and were 
within 10% of their ideal body weight and at least 6 
months post partum, not breast-feeding, and without 
hormonal treatment for 3 months before entering the 
study. 

Patients with gestational diabetes have normal blood 
glucose concentrations in the fasting state but diabetes 
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diagnosed for the first time from a 50 gm oral glucose 
tolerance test in pregnancy. At least two glucose values 
of the oral glucose tolerance test exceeded the mean 
+3 SD curve in a group of 46 normal nonpregnant 
control women evaluated by exactly the same proce- 
dure.‘ Our diagnostic criteria correspond closely to 
those advocated by the National Diabetes Data Group. 
The women with previous gestational diabetes included 
in the study were all without a history of first-degree 
diabetic relatives but had detectable glucosuria during 
pregnancy. The median period from the diagnostic oral 
glucose tolerance test until entrance in the study was 8 
months (range 6 to 15 months). 

Treatment. The triphasic pills were administered 
cyclically in 3-week periods followed by one tablet-free 
week for 6 months. In each pericd, 30 wg of ethinyl 
estradiol plus 50 ug of levonorgestrel was taken during 
the first 6 days, 40 pg of ethinyl estradiol plus 75 ug 
of levonorgestrel for the next 5 days, and 30 pg of 
ethinyl estradiol plus 125 wg of levonorgestrel during 
the last 10 days. 

Investigative procedure. A 50 gm oral glucose tol- 
erance test and measurements of insulin receptor bind- 
ing were performed in all women before treatment and 
after tablet intake for 2 and 6 months. Before treat- 
ment, testing was performed in the luteal phase (days 
21 to 28) of the menstrual cycle, and during treatment, 
in the last phase of tablet intake (days 15 to 21). All 
participants reported to the laboratory in the morning, 
after an overnight fast and abstinence from smoking 
and after at least 3 days of an unrestricted diet (> 150 
gm of carbohydrate) and physical activity. A short plas- 
tic catheter was inserted into an antecubital vein and 
80 ml blood was drawn in tubes prepared with ethyl- 
enediaminetetraacetic acid (1.2 gm of dipotassium salt) 
for insulin receptor analysis. Then the oral glucose tol- 
erance test was performed with blood samples drawn 
into chilled heparin-aprotinin tubes before the glucose 
challenge and 15, 30, 45, 60, 90, 120, 150, and 180 
minutes afterward. Tubes were centrifuged at 4° C and 
plasma was stored at ~ 20° C until assayed. 

Insulin and glucose analysis. Plasma glucose was 
determined by a dehydrogenase method“ and plasma 
insulin by a previously described radioimmunoassay.’ 

Insulin binding to monocytes. Insulin receptor 
binding to monocytes was measured by the method of 
Beck-Nielsen et al.? The isolated mononuclear leuko- 
cytes were incubated with mono-'?I-(TYR A14)-insulin 
(Novo, Copenhagen, Denmark) to a specific activity of 
approximately 1.4 x 10° Ci/mol. Porcine monocompo- 
nent insulin (Novo) was added in increasing amounts, 
At a tracer insulin concentration (34 pmol/L), the in- 
cubation was carried out in quadruplicate; at higher 
insulin concentrations, in duplicate. Monocytes were 
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Fig. 1. Plasma glucose and insulin concentrations (mean + 
SEM) during oral glucose tolerance tests performed in women 
with previous gestational diabetes (Prev. GDMs) (n = 7) and 
in nondiabetic contro] subjects (n = 7) before intake of a low- 
dose triphasic oral contraceptive (ethinyl estradiol and levon- 
orgestrel). 


identified in cytocentrifuged smears stained with acid 
phosphatase. The monocyte fraction ranged from 0.10 
to 0.40. Ata fraction of 0.19, the coefficient of variation 
was 16.8% (n = 16). 

Insulin binding to erythrocytes. Insulin receptor 
binding to erythrocytes was measured by the method 
of Pedersen et al.” The erythrocytes were incubated at 
a final volume fraction of 0.2. The number of incubated 
erythrocytes and the mean cell volume were deter- 
mined in a Coulter counter (coefficients of variation 
1.4% and 1.3%, respectively). The reticulocyte count 
in whole blood was always less than 28/1000 erythro- 
cytes and it did not vary significantly during the study. 

Calculations and statistics. A numerical expression 
for glucose tolerance was obtained by integration of 
each glucose concentration curve during 0 to 90 min- 
utes with the fasting level used as a baseline, that is, the 
incremental area under the curve (Fig. 1). The period 
0 to 90 minutes was chosen to avoid the possible effect 
of the rebound hypoglycemia that was found after this 
time. The incremental insulin areas were calculated - 
similarly. 

Insulin binding was expressed as the ratio of bound/ 
free insulin normalized to 10° monocytes and 10” 
erythrocytes per liter. In the calculations it was assumed 
that binding to mononuclear leukocytes takes place ex- 
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Fig. 2. Scatchard analysis of iodine 125--labeled insulin bind- 
ing to monocytes in women with previous gestational diabetes 
(Prev. GDMs) (n = 7) and in nondiabetic control subjects 
(n = 7) before intake of a low-dose triphasic oral contraceptive 
(ethinyl estradiol and levonorgestrel). The receptor concen- 
trations in each group are given by the intercepts of the initial 
parts of the curves with the abscissa. B/F = Ratio of bound/ 
free insulin. 


clusively to monocytes. The data were corrected for 
nonspecific binding by subtraction of the binding at an 
insulin concentration of 11.7 pmol/L. At the tracer in- 
sulin concentration the nonspecific binding accounted 
for about 10% and 20% of the total binding in mono- 
cytes and erythrocytes, respectively. The coefficient of 
variation of the specific binding at the tracer insulin 
concentration was 16.8% for monocytes (n = 20) and 
16.1% for erythrocytes (n = 20). 

Scatchard analysis (Fig. 2) was performed for each 
individual competition binding curve. The asymptote 
to the initial part of the Scatchard plot, covering four 
concentrations of insulin in the physiologic range (34 
to 768 pmol/L), was determined by linear regression. 
The inverse slope and the intercept with the abscissa 
axis define the dissociation constant and the number 


of high-affinity binding sites. These figures were used ~ 


for comparison of affinity and receptor number. This 
procedure avoids the problems associated with non- 
uniformity of variances in different parts of the plot. 
All data except curve values are given as median and 
range as a consequence of the applied nonparametric 
statistical tests. Comparisons between the two groups 
were performed by the Mann-Whitney U test. Com- 
parison within one group of women was done by the 
Friedman test. Binding data with several observations 
per experimental unit were analyzed with a modifica- 
tion of this test. Differences resulting in two-tailed p 
values <0.05 were considered significant. Linear 
regression was performed by the method of least 
squares and. correlation analysis was performed by 
Spearman’s p. 
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Fig. 3. Individual net changes in ratio of bound/free (B/F) 
insulin at the tracer insulin concentration, the number of high- 
affinity binding sites (1), and the dissociation constant (S) mea- 
sured on monocytes obtained from women with previous ges- 
tational diabetes (Prev. GDMs) (n = 7) and in nondiabetic con- 
trol subjects (n = 7) during intake of a low-dose triphasic oral 
contraceptive (ethinyl estradiol and levonorgestrel). 


Results 


Glucose. Before treatment the fasting plasma glucose 
level was higher in women with previous gestational 
diabetes than in the control subjects. During the hor- 
monal intake no changes in the fasting glucose values 
were observed in either group of women (Table I). 
Before treatment the incremental areas under the glu- 
cose curves were significantly higher in the women with 
previous gestational diabetes than in the control sub- 
jects (Fig. 1 and Table I). No changes in the incremental 
areas under the curves were observed within the two 
groups during treatment (Table I). 

Insulin. Before and during treatment no differences 
in fasting insulin values were observed between the 
women with previous gestational diabetes and the con- 
trol subjects (Fig. 1 and Table II). Although the women 
with previous gestational diabetes displayed higher in- 
cremental glucose areas than the control subjects before 
treatment, the insulin response to the oral glucose load 
was not significantly higher (Fig. | and Table I). No 
significant changes in incremental insulin areas were 
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Table I. Fasting plasma glucose and insulin concentrations and insulin areas under the curves (median 
and range) calculated from oral glucose tolerance tests performed in women with previous gestational 
diabetes (n = 7) and in nondiabetic control subjects (n = 7) before and during intake of a low-dose 


triphasic oral contraceptive* 
Before treatment 


After treatment 





Previous Previous Previous 
gestational gestational gestational 
Control diabetes Control diabetes Contral diabetes 
Fasting plasma glucoset 
(mmol/L) 
Median. 4.6 5.24 4.7 5.0 4.8 5.0 
Range 4.2-5.7 5.0-5.6 4.2-5.6 4.4-5,9 4.5-5.3 4.4-5.5 
Glucose area under the curve 
(mmol X min x L`’) 
Median 170 273% 145 185 179 184 
Range 73-223 182-404 103-315 116-491 133-283 122-496 
Fasting plasma insulin i 
(pmol/L) 
Median 94 105 127 102 108 12] 
Range 45-152 67-149 55-182 75-164 68-151 81-173 
Insulin area under the curve l l 
(nmol x min x L7!) , 
Median 36 28 37 34 31 28 
Range 21-48 11-66 [4-51 13-52 20-51 17-59 


*Oral contraceptive containing ethinyl estradiol and levonorgestrel. 


+To convert glucose concentration in millimoles per liter to milligrams per deciliter multiply by 18. 


+Previous gestational diabetes versus control: p < 0.05. 


found in any of the groups during the hormonal treat- 
ment (Table I). | 

Insulin receptor binding. Tables II and III give the 
bound/free insulin ratio at the tracer insulin concen- 
tration, the dissociation constant, and the number of 
high-affinity. binding sites for monocytes and erythro- 
cytes, respectively. 

Monocytes. Before treatment no differences were 
found in the bound/free ratio, the dissociation constant, 
and the number of ligh-affinity binding sites between 
the women with previous gestational diabetes and the 
control subjects, and no differences in the binding pa- 
rameters were found between ‘the pretreatment ex- 
amination and the 2-month tests in any of the groups. 
In the control subjects, however, a significant decrease 
in all binding parameters was noted after administra- 
tion of the.hormonal compound for 6 months. No 
changes in the insulin receptor binding were observed 
in the women with previous gestational diabetes during 
treatment. The changes for each individual subject in 
insulin receptor binding to monocytes are shown in 
Fig. 3. i 

Erythrocytes. Before treatment the bound/free ratio, 
the dissociation constant, and the number of high-af- 
finity binding sites were not significantly different in 
the women with previous gestational diabetes and the 
control subjects. No changes in insulin receptor—bind- 


ing parameters were observed between the pretreat- 
ment measurements and the 2- and 6-month tests in 
either group. 

No correlation was found between the receptor data 
obtained from monocytes and erythrocytes in either 
group of women. 


Comment 

The first direct demonstration cf insulin receptors 
was performed 15 years ago and subsequent experi- 
ments established the relation between the binding re- 
action and the changes of intracellular metabolic path- 
ways. In both men and women several studies have been 
done in cells in peripheral blood because these cells are 
readily available and because their receptor responses 
seem to correlate with those of critical tissues, liver, 
skeletal muscle, and fat.” 

In this study the percentage of insulin receptor bind- 
ing at the tracer concentration, the receptor number, 
and the dissociation constant of tke insulin receptor 
binding were similar in the women with previous ges- 
tational diabetes and in the control subjects before 
treatment. This is interesting, because the women with 
previous gestational diabetes displayed significantly el- 
evated areas under the glucose curves during the oral 
glucose tolerance tests, and other szudies have shown 
that patients with impaired glucose tolerance may dis- 
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Table II. Insulin receptor binding to monocytes in women with previous gestational diabetes and 
‘nondiabetic control subjects before and during intake of a low-dose triphasic oral contraceptive* 


Before treatment 


After treatment 


2 mo 6 mo 





Previous Previous Previous 
gestational gestational gestational 
Control diabetes Control diabetes Control diabetes 
10? x B/F (L/10" cells) 
Median 6.3 5.4 DA 6.9 . 4.9+ 8.0 
Range 4.3-11.2 3.8-8.0 4.7-12.4 3.3-8.9 2.9-7.6 4.1-9.0 
I (pmol/10" cells) | 
Median 34.9 28.8 28.3 22.2 16.77 29.1 
Range 21.5-64. 1 11.7-86.9 18.5-47.5 9.1-31.6 13.0-27.6 12.2-77.3 
S (nmol/L) l 
Median 0.56 0.48 0.34 0.34 0.317 0.47 
Range 0.27-0.94 0.14-2.57 0.04-0.83 0.23-0.47 0.20-0.41 0.13-1.02 


Binding data are given as the ratio of bound/free insulin (B/F), normalized to 10 monocytes, at the tracer insulin concentration, 
the number of high-affinity binding sites (I), and the dissociation constant (S). 


*Oral contraceptive containing ethinyl estradiol and levonorgestrel. 
+0 versus 6 months: p < 0.05. 


Table III. Insulin receptor binding to erythrocytes in women with previous gestational diabetes and 
nondiabetic control subjects before and during intake of a low-dose triphasic oral contraceptive* 


Before treatment 


After treatment — 


. 2 mo 6 mo 





Previous Previous Previous 
gestational gestational gestational 
Control diabetes Control diabetes Control diabetes 
10° x B/F (L/10" cells) 
Median ` 7.9 8.6 7.6 9.8 7.9 7.9 
Range 7.1-9.9 7.1-9.5 6.7-9.8 6.0-13.3 5.1-10.3 5.1-10.3 
I (pmol/10" cells) 
Median 0.09 0.11 0.09 O.11 0.08 0.11 
Range 0.07-0.65 0.05-0.15 0.07-0.17 0.05-0.17 0.03-0.17 0.07-0.10 
S (nmol/L) : ; 
Median 1.14 1.3] EZI 0.94 1.06 1.28 
Range 0.87-7.82 0.73-1.58 0.78-2.50 0.77-2.33 0.49-2.01 0.94-1.63 


Binding data are given as the ratio of bound/free insulin (B/F), normalized to 10" erythrocytes, at the tracer insulin concentration, 
the number of high-affinity binding sites (I); and the dissociation constant (S). 


*Oral contraceptive containing ethinyl estradiol and levonorgestrel. 


play a reduction in the number of insulin receptors." 
One accepted reason for decreased insulin sensitivity 
is, however, an acquired increased receptor degrada- 
tion (down-regulation) that is due to hyperinsulinemia. 
Such down-regulation occurs in both obesity and type 
2 diabetes. Thus the similar insulin receptor binding 
found in the women with previous gestational diabetes 
and the control subjects before treatment could mirror 
the identical fasting insulin levels and insulin responses 
to oral glucose found in both groups. The decrease in 
all monocyte binding parameters observed after hor- 
monal intake for 6 months in the control subjects is 
puzzling as the fasting glucose levels, glucose tolerance, 
and plasma insulin levels remained unchanged during 
treatment. The discordance between the receptor data 


from monocytes and erythrocytes might be explained 
by the fact that erythrocytes have a highly specialized 
membrane that is unable to synthesize new insulin re- 
ceptors and thus lack the capacity to replace insulin 
receptors lost during ageing of the cells. Other studies, 
however, show identical changes with the use of these 
two cell types." 

De Pirro et al.” and Bertoli et al.“ have reported that 
sex hormones can modulate insulin receptors; they 
found higher insulin receptor binding to both mono- 
cytes and erythrocytes in the follicular phase of the 
menstrual cycle compared with that of the luteal phase. 
An inverse relationship was noted between insulin re- 
ceptor binding to monocytes and levels of 17$-estra- 
diol, progesterone, and 17a-hydroxyprogesterone.’; 
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De Pirro et al.'® found, after administration of mono- 
phasic compounds (50 or 30 pg of ethinyl estradiol plus 
250 wg of norgestrel or 150 wg of levonorgestrel), ces- 
sation of the physiologic variation of insulin receptor 


concentration and affinity. During the test period no 


differences in binding parameters were found between 
the luteal phase in the control cycle and the measure- 
ments performed during the hormonal intake. It does 
not appear from the study that any difference in the 
influence of insulin receptor binding was found be- 
tween the different types of oral contraceptives used. 
Tsibris et al.'° examined insulin receptor binding to 
monocytes and erythrocytes in nonobese healthy vol- 
unteers divided into four groups: (1) women in late 
pregnancy, (2) oral contraceptive users taking mono- 
phasic compounds of 50 ug of ethinyl estradiol plus 
500 to 1000 ug of norethindrone or ethynodiol diace- 
tate for at least 6 months, (3) oral contraceptive users 
taking monophasic compounds of 35 ug of ethinyl es- 
tradiol plus 400 we of norethindrone for at least 6 
months, and (4) a control group examined tn the luteal 
phase (days 18 to 21) of the menstrual cycle. No dif- 
ferences in average affinity profiles and insulin recep- 
tor—binding sites per cell were found between the dif- 


ferent groups, indicating that pregnant women and 


women taking oral contraceptives of both the low-dose 
types and the traditional types have lower insulin re- 
ceptor binding compared with nonpregnant women in 
the follicular phase of the cycle. 

In the present study the results obtained from the 
women with previous gestational diabetes are thus in 
accordance with the results from other studies on the 
effects of oral contraceptives on insulin binding. In the 
control subjects, however, the triphasic preparation re- 
sulted in a more pronounced decrease in all insulin 
receptor—binding parameters than previously re- 
ported. Interpretation of these findings is difficult. The 
clinical significance of the decrease in binding param- 


eters among the control subjects is opposed by the un- ° 


changed insulin receptor binding in the women with 
previous gestational diabetes. Moreover, the triphasic 
preparation used has a hormonal content that is less 
than that used in any of the monophasic products mar- 
keted. The results of the study therefore indicate that 
in lean nondiabetic women and women with previous 
gestational diabetes of normal weight, but without a 
first-degree history of diabetes, there is no apparent 
direct association between glucose tolerance, plasma 
insulin levels, and insulin binding to erythrocytes and 
monocytes during intake of low-dose oral contra- 
ceptives. 


Oral contraceptives and insulin receptor binding ° 807 


The contraceptive compound Triquilar was kindly 
supplied by Schering, Copenhagen, Denmark, and 
mono-'*I-(TYR A14)-insulin by Novo, Copenhagen, 
Denmark. The skilled technical assistance of Marie- 
Louise Borgen, Birgitte Kizerskov Foss, Connie Kuhl, 
Susanne Nielsen, Lene Poulsen, and Lisbeth Schm@lker 
is gratefully acknowledged. 


REFERENCES 


1. Spellacy WN, Buhi WC, Birk SA, Van Arnarn JB. Car- 
bohydrate metabolism studies in women using Brevicon, 
a low-estrogen type of oral contraceptive, for one year. 
AM J OBSTET GYNECOL 1982;142:105-8. 

. Scrivastava MC, Oakley NW, Tomkins CV, Sonksen PH, 
Wynn V. Insulin metabolism, insulin sensitivity and hor- 
monal responses to insulin infusion in patients taking oral 
contraceptive steroids. Eur J Clin Invest 1975;5:425-33. 
3. Skouby SO, Kühl C. Mglsted-Pedersen L, Petersen K, 

Christensen MS. Triphasic oral contraception: metabolic 
effects in normal women and those with previous gesta- 
tional diabetes. AM J OBSTET GYNECOL 1985; 153:495-500. 

4. Kühl C, Holst J]. Plasma glucagon and the insulin: glu- 
cagon ratio in gestational diabetes. Diabetes 1976;25: 
16-23. 

5. National Diabetes Data Group. Classification and diag- 
nosis and other categories of glucose intolerance. Diabetes 
1979328: 1039-54. 

6. Dolhofer R, Weiss L, Wieland OH. Experience with the 
glucose-dehydrogenase-UV method for the determina- 
tion of blood glucose. J Clin Chem Clin Biochem 1976; 
14:415-7. 

7. Kühi C. Glucose metabolism during and after pregnancy 
in normal and gestational diabetic women. I. Influence of 
normal pregnancy on serum glucose and insulin concen- 
tration during basal fasting conditions and after a chal- 
lenge with glucose. Acta Endocrinol 1975;79:709-19. 

8. Beck-Nielsen H, Pedersen O, Kragballe K, Schwartz-S¢r- 
ensen N. The monocytes as a model for the study of 
insulin receptors in man. Diabetologia 1977;13:563-9. 

9. Pedersen O, Beck-Nielsen H, Heding L. Increased insulin 
receptors after exercise in patients with insulin-dependent 
diabetes mellitus. N Engl J Med 1980;302:886-92. 

10. Kahn CR. Insulin receptors. In: Alberti KGMM, Krall LP, 
eds. Diabetes annual. vol 1. New York: Elsevier, 1985: 
446-62. 

l1. Olefski JM, Reaven GM. Insulin binding in diabetes. Di- 
abetes 1977;26:680-7. 

12. Dons RF, Ryan J, Gorden P, Washslicht-Rodbard H. 
Erythrocyte and monocyte insulin-binding in man. A com- 
parative analysis in norma! and disease states. Diabetes 
1981;30:896-902. 

13. De Pirro R, Fusco A, Bertoli A, et al. Insulin receptors 
during the menstrual cycle in normal women. | Clin En- 
docrinol Metab 1978;47:1387-9. 

14. Bertoli A, De Pirro R, Fusco A, etal. Differences in insulin 
receptors between men and menstruating women and 
influence of sex hormones on insulin binding during 
the menstrual cycle. J Clin Endocrinol Metab 1980;50: 
246-50. 

15. De Pirro R, Forte F, Bertoli A, et al. Changes in insulin 
receptors during oral contraception. J Clin Endocrinol 
Metab 1981;52:29-33. 

16. Tsibris JCM, Raynor LO, Buhi WC, et al. Insulin recep- 
tors in circulating erythrocytes ard monocytes from 
women on oral contraceptives or pregnant women near 
term. J Clin Endocrinol Metab 1980:51:711-7, 


ho 


Value of the cough pressure profile in the evaluation of 


patients with stress incontinence 


David A. Richardson, M.D. 
Detroit, Michigan 


The cough urethral pressure profile has been used to identify patients with genuine stress urinary 
incontinence. One hundred forty-four patients were studied to determine the value of this test in the 
evaluation of patients presenting with lower urinary tract symptoms. In the sitting position with a full 
bladder the test has a high specificity (92%) but relatively low sensitivity (41%). The clinical ramifications of 
using the test “cough pressure profile” and the definition “genuine stress urinary incontinence” are 


discussed. (AM J Opstet GYNECOL 1986;155:808-1 1.) 


Key words: Genuine stress incontinence, cough pressure profile, urodynamics 


A term in common usage in the gynecclogic-urologic 
literature is genuine stress incontinence. Introduced by 
the International Continence Societv, it denotes the 
urodynamically demonstrable condition of involuntary 
urinary leakage when intravesical pressure exceeds 
maximum urethral pressure because of an increase in 
abdominal pressure in the absence of a detrusor con- 
traction.' In order to transform this definition into a 
practical urodynamic reality physicians need to mea- 
sure abdominal, urethral, and bladder pressures si- 
multaneously. Abdominal pressure must be compared 
with bladder pressure to rule out an uninhibited de- 
trusor contraction. Urethral pressure must be com- 
pared with detrusor pressure to demonstrate that pres- 
sure equalization has occurred. 

A diagnostic test used to verify genuine stress inconti- 
nence is the cough urethral pressure profile (Fig. 1).5* 
As a catheter is withdrawn through the urethra, the 
patient is asked to cough continuously. If pressure 
equalization occurs during coughing and there is no 
detrusor contraction, the patient is considered to have 
genuine stress urinary incontinence. The test is simple 
and easy to perform. Patients tolerate it well, and it can 
be accomplished at the same time as other urodynamic 
testing. At the conclusion of the test, the physician is 
then left with a graphic representation confirming or 
negating the condition of stress urinary incontinence. 

The test “cough pressure profile” has been used ex- 
tensively in the gynecologic-urologic literature and the 
results have been interpreted in an “all or none” man- 
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ner,” leading physicians to believe the test to be both 
sensitive and specific for the diagnosis of stress incon- 
tinence. References are rarely, if ever, made to technical 
problems encountered and to difficulties in the inter- 
pretation of results. 

The field of urodynamics developed because physi- 
clans recognized that history, physical examination, and 
previous testing modalities were inadequate to differ- 
entiate patients with and without stress incontinence.’ 
The purpose of this paper is to evaluate the practicality 
and usefulness of the test “cough pressure profile” in 
the evaluation of patients with symptoms of urinary 
incontinence. 


Material and methods 


Complete urodynamic evaluations were performed 
in 144 patients presenting with lower urinary tract 
symptoms. Examination consisted of a detailed history, 
physical examination, urinalysis and culture, urethro- 
cystoscopy, stress test, uroflowmetry, sitting cystometry, 
and urethral pressure profile (stress-resting) in the su- 
pine and sitting positions. A Q-tip test was performed 
to measure the degree of urethral mobility. The change 
from tne horizontal was measured with an orthopedic 
goniometer. 

Urodynamic methodology has been previously de- 
scribed.’ Intravesical, urethral, and abdominal (vaginal) 
pressures were recorded simultaneously with the use 
of microtip transducers* on a six-channel recorder.’ 
Electronic subtraction was used to obtain detrusor (in- 
travesical minus abdominal) pressure and urethral clo- 
sure (urethral minus intravesical) pressure. Resting 
urethral profiles with 150 ml of 0.9% saline solution in 


*Models PC-680 B and BC-380, Millar Instruments, Hous- 
ton, Texas. 
*Urolab Model 1106, Life Tech, Inc., Houston, Texas. 
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Table I. Comparison between the condition of 
stress incontinence and the test of cough 
urethral pressure profile in the supine-empty 
position 






Condition 






Abnormal profile 23 (A) 5 (B) 
Normal profile 50 (C) 66 (D) 


Sensitivity = A/(A + C}. Specificity = D/(B + D). Predic- 
tive value of abnormal test = A (A + B). Predictive value of 
normal test = D/(C + D}. 

*Test: Abnormal profile = pressure equalization during 
entire cough profile. Normal profile = positive urethral clo- 
sure pressure remains during cough profile. 


Table II. Comparison between the condizion 
of stress incontinence and the test of cough 
urethral pressure profile in the sitting-full 
position 






Condition 






Abnormal profile 30 (A) 5 (B) 
Normal profile 43 (C) 59 (D) 


Sensitivity = A/(A + C). Specificity = D/(B + D). Predic- 
tive value of abnormal test = A (A + B). Predictive value of 
normal test = D/(C + D). 


*Test: Abnormal profile = pressure equalization during 
entire cough profile. Normal profile = positive urethral clo- 
sure pressure remains during cough profile. 


the bladder were taken in the supine position and re- 
peated in a sitting position at symptomatic fullness. Pro- 
files were not performed in the sitting-full position be- 
cause of severe detrusor instability in seven patients. 

A cough urethral pressure profile was obtained in 
the supine-empty, sitting-empty, and sitting-full posi- 
tions. If a positive area remained under the curve, the 
test was considered normal. This would be the expected 
profile of a continent patient. If pressure equalization 
occurred throughout the entire cough profile, the test 
was considered to be abnormal. This abnormal profile 
has been considered pathognomonic of patients with 
stress incontinence. 

A stress test was performed at symptomatic fullness 
with the patient in the standing position and all cath- 
eters removed. The patients carried out activites that 
would normally precipitate urinary incontinence- 
coughing, jumping, cr exercise. If leakage occurred, 
the stress test was considered positive. 

The condition of stress incontinence was diagnosed 
in one of two ways: (1) observable leakage produced 
by stress without evidence of detrusor activity during 
the urodynamic testing or (2) a positive stress test in 
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Fig. 1. Urethral pressure profiles are performed during the 
withdrawal of the microtip transducer through the urethra. 
The proximal transducer records urethral pressure as the dis- 
tal transducer simultaneously records bladder pressure. In the 
continent patient, urethral pressure is maintained during 
stress, but in the incontinent patient total pressure equalization 
occurs during the cough pressure profile. 


o 





the absence of prior detrusor instability on cystometry. 
At the present time, no single test can be considered a 
“gold” standard for the diagnosis of stress incontinence. 
The first condition is required for diagnosis in those 
patients with a combination of stress urinary tnconti- 
nence and unstable bladders (17% in present series). 

The principles in statistical evaluation of diagnostic 
testing have been detailed elsewhere.'*'' In this study, 
sensitivity is the percentage of patients with stress in- 
continence who have a positive cough profile. Specific- 
ity is that fraction of patients without stress inconti- 
nence who have a negative cough profile. Predictive 
value of a abnormal test tells the physician the per- 
centage of patients with a positive cough profile who 
have stress incontinence. Predictive value of a normal 
test is the fraction of patients with a normal continent 
profile who indeed are continent. 


Results 


Results for both supine and sitting positions are sum- 
marized in Tables I and II. In the supine-empty po- 
sition, the cough profile has a sensitivity of 31%, a spec- 
ificity of 93%, a predictive value of an abnormal test of 
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Table III. Relationship between age, parity, functional length, closure pressure, and Q-tip angle changes 
‘and results of cough pressure profile in the sitting-full position 


Abnormal Normal Abnormal Normal 

profile profile profile profile 

Age (yr) 53 + 16 46 + 14 50 + 11 50 + 12 
Parity 424 ATELY IEZA 3.3 +24 
Functional length (cm) 2.3 40 2.2 26 ES ae ao 2.0.5 
Closure pressure (cm H,O) 65 + 35 67 + 35 46 + 30 59 + 28 
Q-tip angle change (degrees) 22+ 14 26 + 15 42 + 16 39 + 13 
N=5 N = 59 N = 30 | N = 48 


82%, and a predictive value of a normal test of 57%. 
In the sitting position (Table II), the cough profile had 
a sensitivity of 41%, a specificity of 92%, a predictive 
value of an abnormal test of 86%, and a predictive value 
of a normal test of 58%. 

Age, parity, functional length, closure pressure, and 
Q-tip angle change are presented for the various 
groups in Table III. Although the patients with true 
positive results (patients with the condition of stress 
incontinence and positive cough profile) had the short- 
est functional length, lowest closure pressure, and 
greatest Q-tip angle change, the differences were not 
statistically significant. 


Comment 


This study has delineated the limitations of the test 
“cough pressure profile,” as interpreted, in evaluating 
patients for “genuine stress incontinence” in clinical 
practice. Although the test has a reasonable specificity, 
there is a very low sensitivity. 

In the population studied, there were a large number 
of false negative results (patients with the condition of 
stress incontinence with normal cough pressure pro- 
files). One explanation for the high number of false 
negative results is the inability to duplicate the mag- 
nitude of stress that produces incontinence during uro- 
dynamic testing. This includes patients with urinary 


leakage on exercising, jogging, golfing, or tennis. These, 


activities not only stress the continence mechanism to 
the utmost with an increase in abdominal pressure but 
also produce a maximum amount of urethral descensus 
from the symphysis pubis. 

False negative cough profiles were also seen in five 
patients with massive pelvic floor relaxation. These re- 
sults are consistent with those previously reported.” 
Patients with significant prolapse are usually continent 
with unreduced descensus. Stress essentially increases 
urethral pressure through an obstructive kinking 
mechanism. On reduction of the prolapse the patients 
have demonstrable stress urinary incontinence. 

There are two limitations in the study that impact on 


the conclusions of this paper. It is possible that im- 
proved sensitivity with the cough pressure profile might 
be obtained in the standing position. This requires fur- 
ther study. The second is that the cystometrograms 
were obtained in the sitting position with a test of prov- 
ocation to diagnose unstable bladders. It is possible that 
some labeled as having the condition of stress incon- 
tinence had detrusor instability, which is precipitated 
only by peak stress in a standing position. Limitations 
of current urodynamic techniques do not allow for the 
documentation of pressure equalization or detrusor in- 
stability during this type of activity. 

Weil et al." evaluated 95 patients clinically and uro- 
dynamically six months after operation to see if objec- 
tive urinary leakage correlated with the interpretation 
of the cough urethral pressure profile. The reported 
sensitivity was 82%; specificity, 79%; predictive value 
of an abnormal test, 62%, and predictive value of a 
normal test, 91%. A major difference between that 
study and the present one is a relatively high number 
of false positive results in patients previously operated 
on for stress incontinence. Three of the five patients 
classified as having false positive results in the present 
series had had previous retropubic operations. Results 
of precperative cough profiles were not presented. The 
higher sensitivity in the study of Weil et al. might be 
explained on the basis of a decrease in patients with 
false negative results. The problem is that, if a number 
of patients with stress incontinence had a negative pre- 
operative cough profile (false negative results), th= de- 
cision <o classify a postoperative negative cough profile 
as a true negative result becomes rather tenuous at best. 

The use of an imperfect test, “cough pressure pro- 
file,” to fulfill a rather strict definition such as genuine 
stress incontinence can lead to problems in interpreting 
the current scientific literature. A researcher coulc con- 
ceivably select out only those patients with pressure 
equalization demonstrated on the cough profile and 
eliminate the false negative group from consideration. 
This would probably bias all studies toward patients 
with a more severe type of stress urinary incontirence. 
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If surgical success/failure is based solely on the cough 
pressure profile, patients with the condition of stress 
incontinence can be labeled as cured. 

Genuine stress incontinence of necessity becomes a 
diagnosis of exclusion. In many individuals inconti- 
nence is documented on video cystourethrography or 
pressure equalization seen during urodynamic testing. 
In other patients, documentation of incontinence can 
be made only with some variation of the stress test. In 
this second group of patients, three assumptions must 
be made before these patients are labeled as having 
genuine stress incontinence: (1) There is no other cause 
of the incontinence, for instance, a fistula, urethral di- 
verticula, or ectopic ureters; (2) pressure equalization 
has to exist because the patients are incontinent; (3) the 
equalization of pressure has to be due to stress since 
urethral relaxation or detrusor instability has not been 
demonstrated previously during other urodynamic 
testing. 

At the present time, there is no single test that enables 
the physician to determine whether a patient does or 
does not have stress incontinence. The stress test is not 
useful in patients with a combination of stress incon- 
tinence and an unstable bladder (17% in the present 
series) and the cough profile is inadequate in patients 
with exercise incontinence. It is possible that certain 
modifications in interpretation of the cough profile 
might enable physicians to develop a more reasonable 
test.. This includes measuring an integrated closure 
pressure area that remains under the curve during the 
cough profile or measuring the pressure transmission 
ratio." Itis possible that certain cutoff criteria might 
be developed below which values patients have genuine 
stress incontinence. At the present time, nowever, nei- 
ther technique is used in making the diagnosis of stress 
incontinence. 

The value of continuing to use the cough profile is 
the high specificity and the simplicity-ease of perform- 
ing the test at the same time as other urodynamic pro- 
cedures. It provides the physician with cbjective doc- 
umentation of stress incontinence in a large number of 
patients. The limitation of a low preoperative sensitivity 
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must be recognized. After operation, physiaans should 
be careful in using the cough pressure profile as the’ 
only test verifying the success or failure of a surgical 
procedure, 
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Nonimmune hydrops fetalis: Clinical experience and factors 


related to a poor outcome 


Ramón A. Castillo, M.D., lawrence D. Devoe, M.D., Hamid A. Hadi, M.D., 


Sara Martin, R.D.M.S., and Dorothy Geist, R.D. M. S. 
Augusta, Georgia 


Twenty-one cases of nonimmune hydrops fetalis diagnosed at the Medica! College of Georgia during a 2- 
year period are presented. All fetuses satisfied strict diagnostic criteria and were evaluated according to a 
standard protocol. The corrected mortality rate was 95% with pulmonary hypoplasia being the most 
common cause of perinatal death. The mean gestational age at diagnosis was 24.8 weeks; in 57% of the 
cases the cause of nonimmune hydrops fetalis was identified. Fifteen fetuses had serial ultrasound 
assessment and in 19 cases postnatal evaluation was performed. Two factors that consistently conveyed a 
poor perinatal outcome were ultrasonographic evidence of malformation and/or the presence of persistent 
pleural effusions. A method for the quantification of feta! pleural effusions is presented and its clinical 


relevance í is discussed. (Am J OBSTET GYNECOL 1986; 155:812-6.) 


Key words: Hydrops, nonimmune, pleural effusions 


Nonimmune hydrops fetalis, first described by Pot- 
ter, has become the most common category of fetal 
hydrops.' Nonimmune hydrops fetalis occurs in one of 
2500 to one of 3000 live births and is associated with 
a perinatal mortality of 50% to 98%.>” Nonimmune 
hydrops fetalis has been recognized as a common path- 
way to an array of disorders of the fetus, the umbilical 
cord, or the placenta that result in deranged fluid ho- 
meostatis.? Current antepartum diagnostic techniques, 
specifically high-resolution ultrasonography, have en- 
abled both earlier and more frequent detection of non- 
immune hydrops fetalis.” . 

Numerous recent reports have suggested different 
causes of this condition and have addressed the im- 
portance of an.adequate evaluation and prompt diag- 
nosis of the underlying cause as a basis for antepartum 
counseling and obstetric management." 1" We present a 
series of 2] patients meeting established diagnostic cri- 
teria for nonimmune hydrops fetalis and examine the 
significance of two clinical factors that were identified 
as contributors to a poor fetal outcome: One of these 
factors, pleural effusions, is ‘quantified by. use of a new 
ultrasonographically derived measurement. 


Patients and methods 


‘Twenty-one antepartum patients sa in the ul- 
trasound section of the Medical College of Geor gia 
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from January 1983 to August 1985 provided the data 
for this report. These patients had sonographic evi- 
dence of nonimmune hydrops fetalis at the time of their 
initial studies. Sixteen patients were delivered at the 
Medical College of Georgia, while five were delivered 
in other hospitals. Complete medical records were 
available for review in all cases. | 

Nonimmune hydrops fetalis was diagnosed by ultra- 
sonography according to the criteria of Mahoney et al.' 
and consisted of the presence of generalized skin thick- 
ening (#5 mm) and/or two or more of the following 
findings: (1) pericardial effusions, (2) pleural effusions, 
(3) placental thickening (26 cm), and (4) ascites. 

In addition to ultrasonographic confirmation of non- 
immune hydrops fetalis, a detailed anatomic exam- 
ination and the following ‘laboratory studies were 
performed: (1) complete hemogram; (2) serologic 
test; (3) blood type and antibody screen; (4) hemoglobin 
electrophoresis; (5) TORCH (toxoplasma, rubella, cyto- 
megalovirus, and herpesvirus) titers; (6) Kleihauer- 
Betke test; (7) amniocentesis for karyotype, delta op- 
tical density and: viral cultures. Autopsies were per- 
formed in 19 of the 20 fetuses who died. i 


Results 


Table I summarizes the information obtained in the 
21 pregnancies included i in this report. There were 19 
singleton pregnancies and two sets of twins; in both 
twin pregnancies only one fetus was affected. Maternal 
age ranged from 14 to 40 years- (mean 24.7 years). 
Fifteen patients were white and six were black; seven 
were primigravid and 14, multiparous. Gestational age 
at the time of diagnosis ranged from 14 to 30 weeks 
(mean + SEM 24.8 + 4.2 weeks). Gestational age at 
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delivery ranged from 15 to 40 weeks (mean + SEM 
27.9 + 6.2 weeks). 

Three pregnancies were electively terminated at 15, 
18, and 22 weeks, respectively. Two of these fetuses 
were alive before the termination. In the third case 
(Case 3) an intrauterine death occurred at 15 weeks: 
severe fetal maceration precluded the obtaining of de- 


tailed pathologic studies or karyotype. The father of 


this baby had a balanced translocation and this couple’s 
reproductive history included one previous sponta- 
neous abortion and a stillbirth at term with cri du chat 
syndrome (5p—). Four infants were delivered by ce- 
sarean section (see Table I for indications) but in all 
four cases a poor outcome was anticipated. Seventeen 
patients were delivered vaginally, and seven of these 
had induced labors after documented intrauterine fetal 
death. 

Initial indications for ultrasonography were as fol- 
lows: size-date discrepancy (four), twin pregnancy 
(two), evaluation of fetal arrhythmia (three), preterm 
labor (three), previous anomaly (one), and “routine” 
studies (seven). In eight fetuses a structural abnormality 
was suspected and later confirmed at autopsy. The 
structural anomalies included diaphragmatic hernia, 
atrioventricular canal, situs inversus (three cases). hy- 
drocephalus, omphalocele, and renal agenesis. Four fe- 
tuses (Cases 1, 4, 5, 21) had persistent pleural effusions. 
In these cases a lung: thoracic ratio was determined by 
obtaining a coronal view of the fetal thorax at the level 
of the lung hilus and making two measurements: the 
first, from the hilus of the lung to its outermost edge 
and the second, from the hilus of the lung to the tho- 
racic wall. Both measurements were made at the same 
level and a ratio was then calculated (see Fig. 1). In all 
four cases the lung: thoracic ratio was <0.6 and lung 
hypoplasia was suspected. In each case this diagnosis 
was confirmed by postmortem histologic examination 
of the lung. 

The underlying causes of nonimmune hydrops fe- 
talis were determined in 14 cases and consisted of fetal 
structural abnormalities (eight), fetal arrhythmia 
(four), and chromosomal abnormalities (two). In four 
cases, a direct cause was not obtained although other 
associated findings such as hypoalbuminemia and vel- 
amentous insertion of the cord were found. Excluding 
the three fetuses delivered after elective abortion (Cases 
8, 12, 21), there were seven stillbirths. Eleven infants 
were born alive and nine died in the neonatal period. 
One infant was discharged home in good condition but 
died at six months of age of heart failure. This infant 
(Case 2) had Down’s syndrome and had spontaneous 
resolution of hydrops while still in utero. The other 
survivor (Case 11) had a fetal arrhythmia without ev- 
idence of any structural abnormality. This fetus re- 


sponded to maternal digitalization with resolution of 
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Fig. 1. Coronal view of the fetal thorax. The ratio represents 
the amount of lung tissue occupying the fetal hemithorax. 


hydrops within 1 week of therapy and was delivered at 
30 weeks’ gestational age after the mother developed 
severe preeclampsia and preterm labor. The corrected 
perinatal mortality in this series was 95%. 

Maternal complications associated with nonimmune 
hydrops fetalis were preterm labor (four), preeclampsia 
(three), a diabetes mellitus (one), and heart failure 
(one). Polyhydramnios was a frequent finding in our 
patients (nine cases); oligohydramnios was detected in 
three cases. 


Comment 


Recent reports of nonimmune hydrops fetalis have 
contributed to the clinical understanding of this process 
but several have been limited by either the inclusion of 
patients with isolated cavity effusions, ascites,’ or sam- 
ple bias, that is, drawing from a population referred 
because of a particular disease process, for instance 
fetal cardiac arrhythmias or hemoglobinopathies.'* The 
study reporting the highest neonatal survival rate® con- 
sisted of cases collected from neonatal intensive care 
units, thereby excluding the majority of stillbirths and 
elective or spontaneous abortions, which in many series 
can account for as much as 50% of the perinatal 
deaths.” '* Finally, the identification of significant fac- 
tors useful for fetal prognosis has been compromised 
in that the number of fetuses identified as having non- 
immune hydrops fetalis in the second trimester has 
been very small. 

More than 70 etiologic factors for nonimmune hy- 
drops fetalis have been identified.’ By adhering to pre- 
cise clinical criteria for the diagnosis of nonimmune 
hydrops fetalis, irrespective of the underlying cause, 
we have accumulated experience with a well-defined 
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_ Table I. Summary of cases 
> Amniotic Medical and/or 
Indication for | fluid Outcome and obstetric 
| diagnosis | delivery ultrasound | volume | Antenatal findings | Management | postnatal findings | complications 
Pek | Sede | 30 32 Twins N Twin A: Normal, Cesarean Twin A: Alive Premature labor 
A 46,XY section Twin B: Died 45 
Ro Twin B; Body min, bilateral 
a edema, pleural ef- severe lung hy- 
wa fusions, ascites, poplasia, her- 
E diaphragmatic niation of right 
y hernia, 46,XY lobe of liver 
i through 
- diaphragm 
TA Db ek 29 40 Routine N Body edema, ascites, Spontaneous Died 6 mo, atrio- None 
= 46,XY —21, vaginal ventricular ca- 
a. +t(21q, 21q) delivery nal, patent duc- 
ee tus arteriosus, 
a no ascites or 
ae edema 
a Sool 14 15 Previous child { Body edema, pleu- Dilatation Intrauterine fetal None 
g 5p— ral effusions, as- and evac- death 
5 cites, 46,XY uation 
a 4 22 26 32 Size-date dis- t — Body edema, pleu- Cesarean Died 30 min, Premature labor 
a crepancy ral effusions, as- section body edema, 
a cites, 46,XY ascites, pleural 
“a effusions, lung 
a hypoplasia 
E 5 26 26 40 Size-date dis- T Body edema, pleu- Spontaneous Stillbirth 40 wk, None 
BE crepancy ral effusions, as- vaginal body edema, 
a cites, 47,XY +21 delivery ascites, pleural 
2 effusions 
sai 6°27 29 30 Fetal ar- N Body edema, ascites, Spontaneous Stillbirth 30 wk, Premature labor 
a rhythmia situs inversus, vaginal dysmorphic fa- 
46,XY delivery cies, multiple 
heart anoma- 
1 lies, body 
BF edema, ascites 
7 40 28 30 Maternal age N Body edema, pleu- Induced Stillbirth 29 wk, None 
Ri } (amniocen- ral effusions, as- vaginal body edema, 
; a tesis) cites, 46,XY delivery ascites, pleural 
E | effusions 
a 8.25 18 18 Routine N Body edema, ascites, Induced Body edema, as- None 
T stius inversus, no abortion cites, situs in- 
a kidneys, 46,XX versus, dysge- 
£ netic kidneys, 
E atresia of geni- 
5 tourinary 
k system 
9 26 19 23 Routine N Body edema, ascites, Induced Stillbirth 23 wk, None 
4 pleural effusions, vaginal body edema, 
4 46,XY, fetal cell delivery pleural effu- 
= preparation 1.7% sion, ascites 
Ek 10 20 30 32 Preterm labor t Ascites, pleural ef- Cesarean Died 5 days, body Premature labor 
A fusions, fetal section edema, ascites, 
A bradycardia, car- pleural effu- 
F>, diomegaly, 46,XX sions, Grade IV 
f- cardiomegaly, 
= interventricular 
i" bleeding 
a LEZI 28 30 Fetal ar- N Body edema, ascites, Spontaneous Alive, no edema, Premature labor 
tan rhythmia atrial flutter, vaginal no ascites Preeclampsia 
A 46,XX delivery 
E~. p2 =S 21 22 Routine | Body edema, pleu- Induced Body edema, None 
R ral effusions, as- abortion pleural effu- 
a cites, 46,XX sions, ascites, 
' hepatospleno- 
a megaly, severe 
oa hypoalbu- 
a minemia ° 


EAST T A e a E Rte er nn a aa 
N = Normal; | = decreased; 7 = increased. 
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Table I—cont’d 









Medical and/or 
obstetric 
complications 

















Outcome and 


postnatal findings 


Indication for 
ultrasound 







Antenatal findings 





im! 27 25 28 Preterm labor ft | Hydrocephalus, Induced Sullbirth 28 wk, None 
pleural effusions, vaginal body edema, 
ascites, fetal delivery Arnold-Chiari 
bradycardia, malformation, 
46,XY dilatation of 
vertebral canal 
l4 14 28 29 Routine N Body edema, ascites, Cesarean Died 5 days, body Endometritis 
pleural effusions, section edema, ascites, 
46,XY pleural effu- 
sions, severe 
hypoalbu- 
minemia 
1S 32 24 24 Twins N Twin A: Body Induced Twin A: Died 8 Severe pre- 
edema, ascites, vaginal min, body eclampsia 
46,XY delivery edema, ascites, 
Twin B: Normal, velamentous in- 
46,XY sertion of cord 
Twin B: Died 3 
hr, prematur- 
ity, dichorionic- 
diamnionic 
É placenta 
l6 16 26 zi Fetal ar- T Body edema, ascites, Induced Stillbirth 27 wk, Diabetes 
rhythmia pleural effusions, vaginal body edema, 
situs inversus, delivery pleural effu- 
complete heart sions, ascites, 
block, 46,XY situs inversus, 
encephalo- 
malacia 
17 16 22 24 Size-date dis- t Body edema, peri- Induced Stillbirth 24 wk, None 
crepancy cardial effusion, vaginal body edema, 
ascites, large pla- delivery ascites 
centa, 46,XY, 
delta optical den- 
sity 0.228 
t8: 25 25 28 Routine } Body edema, pleu- Cesarean Died 25 min, None 
ral effusion, situs section Pena-Shokeir 
inversus, bilateral Type I, body 
clubfeet, fetal edema, severe 
tachycardia, hy- lung hypopla- 
droureters, fetal sia, pleural ef- 
cell preparation fusions, hy- 
3%, 46,XY droureters 
e 19 30 26 26 Premature f Ascites, pericardial Cesarean Died 30 min, dys- Severe pre- 
labor effusion, pleural section morphic facies, eclampsia 
effusion, thick pleural effu- Heart failure 
placenta, 46,XY sions, lung hy- 
poplasia, hy- 
perplasia of 
liver and 
spleen, human 
chorionic go- 
nadotropin 
` 209,100 mIU/ 
ml, large hy- 
dropic placenta 
20 13 26 34 Routine ft Body edema, om- Cesarean Died 23 days, None 
phalocele, fluid section body edema, 
collection in sac, omphalocele, 
delta optical den- large placenta 
sity 0.125, 46,XY 
W | | 22 23 Size-date dis- f Body edema, pleu- Induced Dysmorphic fa- Epilepsy 
crepancy ral effusions, thick abortion cies, body Chronic hyper- 
placenta, 46,XY edema, pleural tension 


effusions, lung 
hypoplasia, hy- 
perplasia of 

liver with areas 


of necrosis 
es 
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group of fetuses. The majority (86%) were evaluated 
ultrasonographically for the duration of gestation and 
most cases (62%) were discovered in the second trimes- 
ter. As a result of our observations, two factors were 
noted to correlate with poor perinatal outcomes. 

The first factor is the ultrasonographic detection of 
associated fetal anomalies. A congenital malformation, 
when associated with nonimmune hydrops fetalis, con- 
veyed a perinatal mortality rate of 100%. As Beischer 
et al.’ have previously indicated, the presence of anom- 
alies does not always establish causation but may aid in 
antepartum counseling and subsequent obstetric man- 
agement. In the published series reporting the highest 
neonatal survival rate, only one infant with a major 
congenital abnormality (ileal atresia) survived.” Of the 
nine anomalous fetuses in the present series, only one 
fetus had a malformation that was absolutely incom- 
patible with life (Case 8, renal agenesis). This finding 
raises the issue of cause of nonimmune hydrops fetalis 
in these cases as well as the importance of coexisting 
nonimmune hydrops fetalis in determining the out- 
come of fetuses who might otherwise have survived in 
spite of their anomalies. 

The second factor is the presence of severe pleural 
effusions. When pleural effusions demonstrated by ul- 
trasound were associated with a lung: thoracic ratio of 
<().6, severe lung hypoplasia was documented by his- 
topathologic examination, and the perinatal mortality 
rate was 100%. This method of quantifying the degree 
of hydrothorax permits an objective assessment of its 
severity. While the association between pleural effu- 
sions and lung hypoplasia has been previously dem- 
onstrated,': = neonatal survival has been reported in 
the presence of pleural effusions, including one case 
in the aforementioned series. Therefore it is important 
to recognize those cases in which irremediable devel- 
opmental defects have occurred. Whether the cause, 


severity, gestational age at appearance, Or duration of 


the pleural effusions is the most important determinant 
of perinatal mortality remains to be determined. The 
lung: thoracic ratio, as noted in this series, reflects a 
preliminary experience that warrants further investi- 
gation to support its sensitivity, specificity, and predic- 
tive values. 
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In summary, nonimmune hydrops fetalis represents 
an important obstetric problem with high rates of peri- 
natal morbidity and mortality.*7 We have attempted to 
provide clinicians such information that may be rele- 
vant to management decisions such as early termination 
of the pregnancy, preterm intervention, or conservative 
treatment even when the underlying cause is undeter- 
minable. Finally, a new method for the evaluation of 
one of the components of nonimmune hydrops fetalis 
has been presented. Further research in the area of 
intrauterine fluid homeostasis and lung development 
is needed if the prognosis for this condition is to be 
both understood and improved. 
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In utero treatment of a fetus with diaphragmatic hernia 


complicated by hydrops 


Beryl R. Benacerraf, M.D., and Fredric D. Frigoletto, Jr., M.D. 


Boston, Massachusetts 


A case of diaphragmatic hernia is reported where the prenatal diagnosis was made sonographically in a 
hydropic fetus and the large associated fluid collection in the right side of the chest was aspirated in utero. 
Almost complete drainage of the chest and abdominal fluid was accomplished, with resolution of the 
hydrops and no reaccumulation during the last 2 weeks of the pregnancy. After a spontaneous vaginal 
delivery, the infant was easily stabilized, and underwent operation in good condition. (Am J OBSTET 


GYNECOL 1986;155:817-8.) 


Key words: Diaphragmatic hernia, hydrops, prenatal diagnosis 


The prenatal diagnosis of congenital diaphragmatic 
hernia is well established; however, the prognosis for 
a fetus with a large hernia, hydrops, and polyhydram- 
nios is poor.' Thus far there has been no antenatal 
therapy available to a fetus with such unfavorable so- 
nographic findings and all treatment has been reserved 
for the immediate neonatal period. We report a case 
where the sonographic diagnosis of diaphragmatic her- 
nia with hydrops and polyhydramnios was made at 34 
weeks, with a large component of fluid in the right side 
of the fetal chest and peritoneal cavity associated with 
a right diaphragmatic hernia. Aspiration of the fluid 
from the right side of the chest was performed resulting 
in almost complete drainage of the chest and abdominal 
fluid. After another 2 weeks of pregnancy, during 
which there was essentially no reaccumulation, the pa- 


tient went into spontaneous labor and was delivered of 


a male infant who was easily stabilized before operation. 


Case report 

J. H., a gravida 2, para 1 white woman, was referred 
for a sonogram because of polyhydramnios. The sono- 
gram revealed a large right diaphragmatic hernia in- 
volving a lobe of liver and several loops of bowel. There 
was marked polyhydramnios and evidence of fetal hy- 
drops. The hydrops consisted of generalized scalp and 
skin edema, ascites, and a large amount of fluid in the 
right side of the fetal chest adjacent to the herniated 
liver and bowel. Very little if any lung tissue could be 
identified. Because of the very poor prognosis sug- 
gested by this sonographic picture and since it was not 
clear that the fetus would survive until delivery, a right 
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Fig. 1. Transverse view through the fetal thorax showing a 
large collection of fluid in the chest adjacent to the heart. The 
needle tip is seen (large arrow) as well as the right side of the 
heart (small arrow). 


fetal thoracentesis was undertaken. This was done to 
determine whether benefit might be obtained by de- 
compressing the hydrothorax. 

The procedure was performed with the use of a 22- 
gauge, 5-inch spinal needle in order to reach the fetal 
chest through the polyhydramnios. With a single pass, 
the right side of the fetal chest was entered and 95 ml 
of straw-colored fluid was withdrawn. Only a small 
amount of fluid was left outlining the right diaphrag- 
matic hernia, and of note is that only a very tiny rim 
of ascites was left after the procedure. There was 
marked improvement in the fetal hydrops during the 
ensuing 2 weeks without any reaccumulation of fluid. 
Sonograms during those 2 weeks showed improvement 
in the location of the mediastinum and expansion of 
the contralateral lung. 

Onset of labor occurred at 36 weeks followed by the 
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vaginal delivery of a male infant, with Apgar scores of 
2 and 3. The infant was immediately intubated, and 
the skin rapidly became pink and the infant was easily 
stabilized. There was no evidence of edema or hydrops. 
The infant was in very good condition and underwent 
operation. 


Comment 

The sonographic diagnosis of congenital diaphrag- 
matic hernia has been reported; however, the prognosis 
has been poor, particularly when the condition is ac- 
companied by polyhydramnios and hydrops.’ In the 
present case, compression of the mediastinum and 
lungs was felt to be even more severe because of the 
large amount of fluid in the chest adjacent to the her- 
niated liver and bowel and the added pressure probably 
contributed to the hydrops that was present. This ap- 
pearance prompted the removal of the fluid via a 22- 
gauge, 5-inch spinal needle (extra length needed be- 
cause of polyhydramnios) without complication, with 
marked improvement in the position of the mediasti- 
num and contralateral lung. This is the same technique 
that we used for two other fetuses, where we performed 
a total of seven thoracenteses for treatment of recurrent 
pleural effusion with excellent results.” Direct sono- 
graphic guidance is used with a 25-gauge, 32-inch or 
29-gauge, 5-inch needle, depending on the distance. 
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Because the chest fluid was actually ascites trapped 
in the herniated peritoneal cavity in the right chest, the 
95 ml of fluid removed included almost all the abdom- 
inal ascites as well. The fact that the hydrops resolved 
and did not recur during the next 2 weeks suggests 
improved cardiovascular dynamics secondary to the 
tap. 

After the procedure, the contralateral lung was easily 
seen and appeared reasonable in size with only minimal 
compression. The relatively mild respiratory distress at 
birth, considering the large hernia, may have been at- 
tributable to the success of the in utero tap that allowed 
the neonate to be stabilized and prepared for imme- 
diate operation in good condition. 


Addendum 


Since submission of the manuscript the infant died 
of pulmonary complications at 3 months of age. 
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Prevention of fetal movement during invasive procedures with 


pancuronium bromide 


John W. Seeds, M.D., Barry C. Corke, M.B., Ch.B, and Fred J. Spielman, M.D. 


Chapel Hill, North Carolina 


The use of fetal intramuscular pancuronium (0.5 mg) to temporarily arrest fetal movement during antenatal 
invervention in six instances is reported. Successful arrest of movement without adverse side effects was 
observed. The use of this technique eliminates the need for the excessive and potentially dangerous 
maternal sedation currently used to minimize fetal movement. (Am J OBSTET GYNECOL 1986;155:818-9.) 


Key words: Fetus, antenatal intervention, pancuronium 


Prevention of fetal movement during invasive ther- 
apeutic or diagnostic procedures may be critical to the 
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minimizing of traumatic complications to the fetus. A 
variety of interventions including intrauterine trans- 
fusion, antenatal placement of diversion catheters, or 
simply aspiration of a fetal cystic mass have been per- 
formed under a combination of heavy maternal seda- 
tion and local anesthesia.' Despite sedation sufficient to 
actually produce a light plane of maternal anesthesia, 
fetal movement may still be seen, and therefore the 
potential danger of fetal trauma from movement of, 
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Arrested fetal movement with pancsronium® 819 


Table I. Use of intramuscular pancuronium to arrest fetal movement during six procedures performed 
on four fetuses 





Gestational age 
(wk) Procedure 






Dosage 
(mg) 





Outcome 


] 26 Blood sample, umbilical vein ` Vy Neonatal death, trisomy 
21 

2 28 and 3] Intrauterine transfusion Vr Normal survival 

3 26 and 29 Intrauterine transfusion ify Normal survival 

4 24 Bladder shunt placement Vy Survival with renal failure 





sharp instruments remains.' Furthermore, the induc- 
tion of a light plane of anesthesia with an unprotected 
maternal airway introduces an element of substantial 
risk. The potential benefit of a specific method for the 
temporary elimination of fetal movement during in- 
vasive procedures without heavy maternal sedation iS 
apparent. 

Intramuscular fetal curare was ee used on four 
occasions by de Crespigny et al.” to eliminate fetal move- 
ment during. the performance of intrauterine intra- 
vascular transfusions: The fetal intramuscular injection 
of 3 mg of curare was given 30 minutes before each 
procedure, and fetal movement was arrested for 4 
hours. No adverse maternal or fetal side effects were 
observed.” 


Material and methods 


A greater experience with pancuronium in the pa- 
ralysis of the premature neonate on ventilator therapy 
and the possibility of fewer cardiovascular side effects 
led to the choice of this agent for preliminary investi- 
gation for the discrete and specific temporary preven- 
tion of fetal movement during invasive procedures. 
Neonatal investigators have demonstrated the clinical 
safety of pancuronium and shown that the relative po- 
tency of pancuronium to curare is between 6:1 and 
9:1." A dose of mg was selected as roughly equivalent 
to that of the curare used by de Crespigny et al.” 

Intramuscular pancuronium was then used to arrest 
fetal movement during six invasive procedures per- 
formed on four fetuses (Table I). Only mild sedation 
and local anesthesia was needed for maternal comfort. 
In each case the ¥% cc (4 mg) intramuscular injection 


into the fetal gluteal area was accomplished separately 
from the primary intervention using a 22-zauge spinal 
needle under ultrasonic guidance. Fetal movement 
stopped by sonographic observation withir: 1 minute of 
injection, and the intended intervention was accom- 
plished. Fetal movements returned both to maternal 


-and ultrasonic observation by 2 hours in all cases. No 


maternal or fetal side effects have been observed either 
antenatally or neonatally. All infants have been de- 
livered. 


Comment 


We conclude from this preliminary experience that 
fetal intramuscular pancuronium in a dose of % mg 
produces a predictable, secure, but temporary arrest of 
fetal movements to allow for safer antenztal interven- 
tions without excessive maternal sedation. This method 
may require an additional puncture of the uterine wall, 
but involves only a very’ small-gauge needle. In some 
instances, the pancuronium injection might be accom- 
plished with use of the primary entry site. Further in- 
vestigations are intended to identify the smallest effec- 
tive dose of pancuronium needed to arrest movement. 
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Clinical and economic considerations associated with testing 


for fetal lung maturity 


William N. P. Herbert, M.D., and John F. a sa Dr.P.H. 


Chapel H ill, North Car olina 


Performing multiple tests of fetal lung maturity on amniotic fluid samples may not use the individual test 
results and laboratory personnel most effectively. To detetmine the best strategy for fetal lung maturity 
testing, we analyzed our experience with use of a variety of procedures. Clinical usefulness was assessed 
according to sensitivity, specificity, predictive values, and efficiency. Economic and technical aspects 
analyzed included time and personnel requirements, availability of tests, and expense of each procedure. 
Several testing sequence approaches were compared for efficiency and cost. In our laboratory ‘the foam 
stability index proved to be the most useful initial test of fetal lung maturity, reserving more expensive and 
time-consuming tests for instances in which the foam stability index is immature. Routine multiple testing 
did not enhance clinical usefulness and greatly increased costs. Development of a testing strategy using a 
rapid, inexpensive, and widely available test such as the foam stability index would promote clinical and 


economic efficiency. (Am J OBsTET GYNECOL 1986; 155: 820- 3.) 


Key words: Lung maturity, tests, costs 


Since Gluck et al,’ “reported the use of the lecithin- 
sphingomyelin ratio to predict respiratory distress syn- 
drome in neonates, a number of other tests of fetal 
lung maturity have been developed.” At the present 
time, it is common practice for. clinical. laboratories to 
perform several of these fetal lung maturity tests on 
each amniotic fuid specimen sent for evaluation. As 
tests differ in requirements for personnel availability, 
supplies, and time for completion, this practice of mul- 
tiple testing can lead to lengthy turnaround times for 
results, can present marked restrictions on test avail- 
ability during periods of minimal laboratory staffing, 
and can yield conflicting results. In addition, this ap- 
proach is costly for the patient-and/or hospital. 

To use laboratory tests and personnel most effec- 
tively, efforts should be directed toward formulating 
logical testing strategies based on the intrinsic predic- 
tive reliability of each test, the availability of laboratory 
resources, and the cost of each procedure. Such a strat- 
egy should maintain optimal diagnostic accuracy, im- 
prove test availability, and lower laboratory costs. 

The purpose of this investigation is to compare the 
clinical usefulness and financial costs associated with 
various testing strategies in the assessment o fetal lung 
maturity. 


From the Department of Obstetrics and Gynecology, Division of Ma- 
ternal-Fetal Medicine, and the Department of Pathclogy, Division 
of Laboratory Medicine, University of North Carolina School of 

| Medicine. 

Received for publication November 22, 1985; revised April 28, 1 986; 
` accepted May 27, 1986. 

Reprint requests: Wiiliam N. P. Herbert, M.D., Division of Maieru: 
Fetal Medicine, Department of Obstetrics and Gynecology, 214 
MacNider Building, 202H, University of North Car olina, School 
of Medicine, Chapel Hill, NC 27514. 


Table I. Characteristics of patient population* 


D No. of 
patients 


Normal pregnancy 72 
Hyper tension 31 
Diabetes — 22 
Multiple gestation 18 
Breech | l i} 
Placenta previa 8 
Premature rupture of membranes 6 
Other characteristics l 36 
Total 204 


*Some patients had multiple characteristics. 


Material and methods 


Amniotic fluid specimens were collected by amnio- 
centesis performed for a variety of obstetric compli- 
cations: In addition, samples were obtained at the time 
of cesarean delivery in selected patients. Only samples 
visually free of blood and meconium were included in 
this study, and all patients delivered within 72 hours of 
fluid collection. | 

Tests of fetal lung maturation available in our lab- 
oratory include lechithin/sphingomyelin ratio (L/S), 
phosphatidylglycerol/sphingomyelin ratio (PG/S), the 
foam stability index (FSI), and the Amniostat-FLM. 
The L/S, PG, and PG/S were performed with use of 
two-dimensional. thin-layer chromatography of cold 
acetone precipitated amniotic fluid extract as previously 
described.” The FSI test, as described by Sher et al.,' 
involves the addition of graduated volumes of 95% eth- 
anol’ to a series of tubes containing a constant volume 
of amniotic Auid. Interpretation is based on the semi-. 
quantitative assessment of the stability of the foam pro- 
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Table I. Diagnostic reliability for indivicual tests of fetal lung maturity 










Optimal decision 
point ; 










Sensitivity (%) 


L/S 29 = Mature €4.6 84.6 
FSI | 347 = Mature £4.6 96.3 
PGS 20.2 = Mature © 1C0 70.3 


Amnicstat-FLM 


Specificity (%).. 


= Positive control 1C0 46.8 
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No. of ° 
samples 
tested 











Prediċtive value, 


RDS (%) 


Predictive value, 
mature lest (Fa) 










Efficiency 








98.6 30.6 84.6 175 
98.7 64.7 95.4 175 
100 2il 12.5 76 
100 ; 13.1 -50.7 60 





L/S = Lecithin/sphingomyelin. FSI = Foar stability index. PG/S = Phosphatidylglycerol/sphingomye‘in ratio. 


duced following vigorous shaking of the samples. The 
Amniostat-FLM, an immunologic slide agglutination 
test for phosphatidylglycerol, was performed according 
to the manufacturer’s instructions (Hana Biologics, 
Inc., Berkeley, California). Not all tests were per- 
formed on each sample. Statistical analysis of the data 
was facilitated with the use of the Predicive Value Cal- 
culator Software (Helena Laboratories, Beaumont, 
Texas). 

_ Hospital records of infants were revizwed to deter- 
mine the respiratory outcome of each reonate. Respi- 
ratory distress syndrome was diagnose- by neonatol- 
ogists by means of clinical signs and radiographc evi- 
dence.’ Specifically, the diagnosis of respiratory distress 
syndrome required all of the following: Early-onset re- 
spiratory distress requiring >30% oxygen supplemen- 
tation for >24 hours; retractions, grunting, and ab- 
normal breath sounds during spontaneous respira- 
tions, or evidence of poor lung compliance with 
artificial ventilation; radiographic findings of decreased 
lung volume, air bronchograms, and ciffuse or retic- 
ular infiltration; and negative bacterial cultures. 


Results 

A total of 175 amniotic fluid samples were shane 
from 168 patients. In seven instances, amniotic fluid 
was cbtained from more than one amn otic sac in mul- 
tiple pregnancies. Characteristics of the patient popu- 
lation are shown in Table I. Thirteen infants (7.4%) 
subsequently developed respiratory dis:ress syndrome. 


To clarify analysis of data, definitions o7 terms used are 
as follows: 


Positive = P = Respiratory distress syndrome (RDS) 
Negative = N = No RDS 

True positive test = TP = Immature -est, RDS 
True negative test = TN = Mature test, no RDS 
False positive test = FP = Immature teast, no RDS 
False negative test = FN = Mature test, RDS 

TP + FN 
RDS in whom test predicted RDS 


Sensitivity = = Proportion of infants with 


TN s + z 
TN 4 EP Proportion of a with- 
out RDS in whom test predicted no RDS 


Specificity = 


TN 


‘Predictive value, mature test = PV(m) = INFN” 


Proportion of time that a mature test correctly pre- 
dicted no RDS 

TP 
TP + FP 
Proportion of time an immature test correctly pre- 
dicted RDS 


Efficiency = E = 


Predictive value, RDS = PV(RDS) = 


TP + TN 
TP + ITN + FP + FN 


bined predictive values of mature and immature 
results 


= The com- 


Diagnostic reliability of individual tests. Table II 
represents the diagnostic -reliability for the individual 
tests of lung maturation using optimal decision points 
for.each test. To allow a moré accurate comparison of 
predictive values, results for PG/S and Amniostat-FLM, 
which were derived from.smaller subsets of this sample, 
were calculated after normalization of the prevalence 
of respiratory distress syndrome in the subset to 7.4%. 
All four tests demonstrated a sensitivity 284.6% and 
predictive value 98.6% for lung maturity. The spec- 
ificity for the L/S ratio was 84.6% and for FSI 96.3%, 
while the values for PG/S and Amniostat-FLM were 
70.3% and 46.8%, respectively. In predicting respira- 
tory distress syndrome, no test was particularly useful, 
though the highest predictive value was for the FSI 
at 64.7. The Amniostat-FLM was lowest at 13.1, with 
L/S and PG/S being intermediate between these two. 
For overall efficiency, the FSI was the most efficient test 
at 95.4, with the L/S at 84.6. The Amniostat-FLM was 
lowest at 50.7. | 

Combination testing. Table III demonstrates the di- 
agnostic reliability for multiple testing procedures. The 
highest overall efficiency occurred when the L/S ratio 
or FSI test combination was used. Test combinations 
requiring a positive PG/S or Amniostat-FLM had a sen- 
sitivity of 85.1%, and a specificity of 80.9% to 96.9%. 
In combinations requiring that doth tests be positive in 
order for maturity to be present, lower specificity was 
obtained for all test combinations. 

Availability and cost. The availability, labor, and re- 
agent/supply costs for the four individual] tests of lung 
maturity are shown in Table IV. Also included is the 
commercial version of the FSI test, the Lumadex FSI 
(Beckman Instruments, Brea, California). Costs and 
charges were calculated for this study by use of the 
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Table III. Diagnostic reliability for combination testing 
Test combination indicating Predictive value, Predictive value, 
lung maturity Sensitivity (%) Shecificity (%) mature test (%) RDS (%) 





L/S 22 or FSI > 47 76.9 99.4 98.2 90.9 97.7 
L/S 22 and FSI > 47 92.3 Bhs 99.2 28.6 82.3 
L/S =2 or PG/S = 0.2 85.1 84.3 98.6 30.3 84.4 
L/S 22 and PG/S > 0.2 100 39.4 100 16.4 62.4 
FSI =47 or PG/S = 0.2 _ 85.1 36.9 98.8 68.5 96.0 
FSI >47 and PG/S = 0.2 10 37.2 100 19.6 69.6 
L/S 22 or Amniostat-FLM + 85.1 30.9 | 98.6 26.3 81.2 
L/S =2 and Amniostat-FLM + 100 | 46.8 100 13.1] 50.7 
FSI =47 or Amniostat-FLM + 85.1 3.6 | 98.7 _ 51.6 93.0 


’ FSI 247 and Amniostat-FLM + -100 44,7 - 100 12.6 48.8 


Terminology described in Table II. 
+ = Mature result. 


Table IV. Completion time, availability, and expense of individual tests 












Time requirements (hz) 













Completion Reagent! Typical 
Labor of test Availability supplies Total charge 


L/S (1-dimensional TLC) 0.8 1.5-3 Limited $ 8 $24 $32 $45 
L/S and PG/S (2-dimensional TLC) 1.2 3-4 Limited 12 25 37 52 
FSI 0.5 r Anytime 5 3 8 II 
Lumadex-FSI 0.2 0.5 Anytime 2 24 26 36 
Amniostat-FLM l = 03 <l _ Anytime 3 25 28 39 
TLC = Thin-layer chromatography. 
Typical charge equals cost xX 1.4. 
general guideline for charge as 1.4 times the cost. Both values of both mature and immature tests, and test ef- 
the cost and charge for individual tests vary among ficiency. The technical aspects:include the availability of 
institutions. trained personnel, amount of labor involved, comp.e- 
The FSI, Lumadex FSI, aa Amniostat- FLM require tion time required, and costs of reagents and supplies. 
<one hour to complete and are available at all times. In our laboratory, as in others,” mature tests are very 
Tests requiring thin-layer chromatography require lon- reliable predictors of lang maturity. With a prevalenze 
ger time to complete and, with unusual exceptions, are of respiratory distress syndrome of 7.4%, the predictive 
available weekdays only. The FSI is the least expensive value of a mature test is >98% for all four tests we 
test at $11, whereas the typical charge for the other performed: However, immature tests are much less re- 
tests ranged from $36 to $52. O liable in predicting neonatal respiratory outcome, wizh 
Sequential testing. The efficiency, testing sequence, predictive values from 65% to <20%..This finding is 
and charge for different strategies are shown for a vari- also consistent with our experience’ and that of others. 
ety of test combinations in Table V. The most econom- In regard to test efficiency, which provides an overzll 
ical strategy is to use the FSI test initially, reserving the indicator of its clinical usefulness, the most efficient test 
L/S, PG/S, or Amniostat-FLM tests for samples in which was the FSI at 95.4 and the least efficient was the Am- 
the FSI is immature. Based on a respiratory distress niostat-FLM at 50.7. The L/S and PG/S ratio were in- 
syndrome prevalence of 7.4%, the typical charge of this termediate. 
approach is $10 to $15 per sample, and the efficiency _The need for personnel trained pec neniys in fetal 
ranges from 93% to 97.7%. Simultaneous testing of any lung maturity testing limits the availability of pulmo- 
two of the tests costs at least three times as much. nary tests involving thin-layer chromatography to dar- 
time hours on weekdays i in our laboratory. In fact, the 
Comment time necessary for completion of these tests requires 
The development of multiple direct tests of fetal lung that samples be brought to the laboratory before 11:00 
maturity provides the opportunity to devise the best AM for samie-day results. This limitation imposes sig- 
strategy for utilization of these procedures. Important nificant restraints on clinicians. The simpler the testing 
considerations in choosing individual tests are the clin- procedure involved, the shorter labor requirements; 
ical usefulness of the results and the technical aspects decreased completion time and continuous availability 
of the specific testing procedure. Clinical usefulness can with which the FSI, Lumadex, and Amniostat-FLM cay 


be assessed with use of sensitivity, specificity, predictive be performed are beneficial to clinical practice. 
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Table V. Comparison of efficiency and cost for combination testing strategies 


Test combination indicating Efficiency Cost per 
lung maturity (%) Testing sequence specimen 





L/S 22 or FSI 247 97.7 FSI <47, then L/S $1i 315 
L/S <2, then FSI 34 48 
Run both 40 56 
FSI 247 or PG/S 20.2 96.0 FSI <47, then PG/S 14 20 
PG/S <0.2, then FSI 40 56 
Run both 45 63 
FSI 247 or AMN+ 92.0 FSI <47, then AMN 1] 15 
AMN -, then FSI 32 45 
Run both 36 5Q 
L/S 22 or PG/S #0.2 84.4 Simultaneous 37 52 
L/S 22 and FS] 247 82.3 FSI 247, then L/S 37 52 
L/S 22, then FSI 38 53 
Run both . 40 56 
L/S 22 or AMN+ 81.2 L/S <2, then AMN 38 53 
ANM -, then L/S 46 64 
Run both 60 84 
L/S 22 and PG/3 20.2 69.6 Simultaneous 37 52 
FSI 247 and PG/S 20.2 62.4 FSI 247, then PG/S 42 59 
PG/S 20.2, then FSI 42 59 
L/S 22 and AMN + 59.7 AMN +, then L/S 42 59 
L/S 22, then AMN 54 76 
FSI >47 and AMN + 43.8 AMN +, then FS] 31 43 
FSI 247, then AMN 33 46 
AMN = Amniostat FLM. + = Mature test result. — = Immature test result. 


The role of multiple versus single tests of fetal lung 
maturity was also addressed in this investigation. Our 
results indicate that overall efficiency of these tests de- 
creased when various combinations of these four tests 
were studied. In regard to sequential or multiple test- 
ing, the high predictive value of 98.7% of the mature 


FSI alone makes further testing unnecessary in this. 


situation. If indicated, samples in which the FSI is im- 
mature can be evaluated by means of another test, such 
as the L/S. The cost of this method with use of the FSI 
and L/S tests (if FSI is immature) is a most efficient and 
economical strategy, based on our experience with 
these tests and with a prevalence of respiratory distress 
syndrome of 7.4%. 

In our experience, the FSI ts the most suitable initial 
test for fetal lung maturity assessment. Compared to 
other tests we used, its predictive value is highest for 
maturity and is not enhanced by combination testing. 
As noted, all tests suffer from poor predictability with 
immature results, but the FSI appears to be better than 
the other tests involving thin-layer chromatography 
and very similar to that required bv other commercial 
tests used. In addition, it is available on a continuous 
basis and is the least expensive. Additional fetal lung 
maturity tests that may serve this same purpose include 
amniotic fluid optical density at 650nm,* creatinine con- 
centration, the Clements shake test,° or others? not 
evaluated in our laboratory. 

The results of this study suggest that parallel testing, 
that is, the performance of a battery of different tests 
on each specimen, is not justified on a clinical or fi- 
nancial basis. Individual tests, or any one of the se- 


quential testing patterns described, can yield accurate, 
timely, and cost-effective information when the intrin- 
sic strengths of each test are appropriately matched 
with specific clinical needs at the time of testing. De- 
velopment of similar strategies for lung maturation 
testing in other clinical laboratories, utilizing clinical 
needs and available resources of personnel and equip- 
ment, would allow maximum diagnostic accuracy, im- 
prove test availability, and lower costs. 
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_ The primary treatment of luteal phase inadequacy: 
Progesterone versus clomiphene citrate 


Ko-En Huang, M.D. 
Rochester, New York 


This study was undertaken in order to evaluate the superiority, if any, of progesterone or clomiphene 
citrate in treatment of infertile women with luteal phase inadequacy. Eighty-two patients were randomly 
treated with progesterone or clomiphene citrate. Some patients with failure of progesterone were changed 
to clomiphene citrate treatment; some patients with failure of clomiphene citrate were changed to 
progesterone treatment. A life-table analysis was used for evaluation of the results. No statistical difference 
was noticed between the two treatments. Seventeen of 57 patients treated with progesterone and 13 of 62 
patients treated with clomiphene citrate conceived. It is recommended that: (1) patients with luteal phase 
inadequacy can be treated primarily with progesterone; (2) an endometrial biopsy should be performed if 
the patients fail to conceive; (3) if endometrial biopsy continues to be abnormal the patients can be treated 
again with clomiphene citrate. Some alternative treatments for luteal phase inadequacy are needed. (Am J 


OBSTET GYNECOL 1986;155:824-8.) 


Key words: Luteal phase inadequacy, progesterone, clomiphene citrate, infertility 


The difficulties of diagnosis and treatment of luteal 
phase inadequacy have been reported.' The difficulties 
have been speculated to be due to the pathogenesis of 
luteal phase inadequacy, which encompasses a multi- 
tude of causes. A timed endometrial biopsy with ade- 
quate dating has been generally accepted as an appro- 
priate diagnostic technique. However, in contrast, the 
optimal treatment of luteal phase inadequacy remains 
controversial. Progesterone supplementation was rec- 
ommended because of the deficiency of corpus luteum 
progesterone steroidogenesis in these patients.’ Pre- 
vious studies*' showed a relative deficiency of follicle- 
stimulating hormone during the follicular phase, and 
we have reported successful treatment with the use of 
follicle-stimulating hormone in infertile women with 
luteal phase inadequacy.* Others have used clomiphene 
citrate in an attempt to compensate for the follicle- 
stimulating hormone deficiency during the follicular 
phase in patients with luteal phase inadequacy.®” How- 
ever, follicle-stimulating hormone is currently available 
only for clinical research in the United States. Proges- 
terone and clomiphene citrate have both been used 
successfully, to some extent, in the treatment of luteal 
phase inadequacy. Nevertheless, it is not clear whether 
one of the two drugs is superior to the other in treat- 
ment of luteal phase inadequacy. 

Some investigators have attempted to identify pa- 
tients who could be treated more successfully by either 
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progesterone or clomiphene citrate with the use of the 
histologic findings of the endometrium.’ ™ Others sug- 
gested that progesterone should be used as a primary 
treatment by reviewing their patients’ records.” None 
of these studies used the life-table analysis for com- 
parison of the results as recommended by Cramer 
The present study was undertaken in order to 
assess the superiority, if there is any, of either proges- 
terone or clomiphene citrate in treatment of luteal 
phase inadequacy by a prospective study with the use 
of life-table analysis for evaluation of the results. 


et al!” 


Material and methods 


Patients. The patients in this study were seen at The 
University of Rochester Medical Center from January 
1980 to December 1985 because of infertility. All pa- 
tients underwent complete infertility workup including 
basal body temperature recording, semen analysis, hys- 
terosalpingography, postcoital test, timed endometrial 
biopsy, and laparoscopy in most patients. All endo- 
metrial biopsies were performed after at least 7 days 
of basal body temperature rise and were sent to the 
Department of Pathology for examination. Histologic 
dating was performed according to the criteria of Noyes 
et al.’' The endometrium was considered abnormal 
when it was #2 days out of phase as determined by the 
day of the onset of the next menstrual period. Patients 
with abnormal endometrial biopsy results were evalu- 
ated further with a second endometrial biopsy and se- 
rum prolactin and progesterone measurements. Pa- 
tients with tubal problems, endometriosis, and elevated 
prolactin levels were excluded from this study. Pa- 
tients with two abnormal endometrial biopsy results 
during two different cycles were diagnosed as hav; 
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Table I. Results of progesterone or clomiphene citrate treatment in patients with luteal phase insufficiency 





No. of patients not concerving 


Normal endometrial Abnormal endometrial Endometrial biopsy 
Treatment No. of patients conceiving biopsy result biopsy result not done 
Progesterone 17* 9 25 6 
(n = 57) 
Clomiphene citrate 13* 12 31] 6 
(n = 62) 


*Not statistically different (x? = 1.2071). 


Table II. Life-table analysis of patients treated with progesterone 





No. of 
patients 
observed 
at start Person 
of Lost to months of 
interval | Conceptions | follow-up | follow-up 
1-3 57 9 | 156.0 
4-6 47 2 19 109.5 
7-9 26 5 14 49,5 
10-12 7 l 6 10.5 


ing luteal phase inadequacy. These patients were as- 
signed alternately to progesterone or clomiphene ci- 
trate treatment. 

Treatment. Progesterone was given as vaginal sup- 
positories in a dose of 25 mg twice a day starting on 
the third day after the basal body iemperature rise. 
This was continued until the onset of the subsequent 
menses. In those who conceived, progesterone treat- 
ment was either continued until the twelfth week of 
gestation or discontinued at the time of a positive preg- 
nancy test. Clomiphene citrate was given in a dose of 
50 mg/day for 5 days starting on the fifth day of the 
menstrual cycle. In some patients the dosage of clo- 
miphene citrate was increased to 100 mg/day for 5 days 
and then 150 mg/day for 5 days if the endometrial 
biopsy specimen ccntinued to show abnormal dating 
during the treatment. 

Evaluation and modification of treatment. Each 
treatment, progesterone or clomiphene citrate, was re- 
peated for at least three cycles. Those who did not 
conceive by three or more cycles of treatment were 
reevaluated with timed endometrial biopsy during the 
treatment cycle. Caution was taken among those who 
were receiving progesterone treatment to allow at least 
7 days of treatmen: before endometrial sampling. Pa- 
tients were instructed to continue the same treatment 
if the endometrial dating was in phase. However, if the 
endometrium was =2 days out of phase, those who had 
used progesterone were advised to change to clomi- 
phene citrate and those who had used clomiphene ci- 
trate either changed to progesterone or were allowed 
io use an increased dosage of clomiphene citrate up to 


Probability of 


Probability of | Probability of no Cumulative 
conception conception conception in | probability of 
per month per interval interval conception 

0.058 0.16 0.84 0.16 
0.018 0.05 0.98 0.20 
0.101 0.27 0.73 0.42 
0.095 0.26 0.74 0.57 


a maximum of 150 mg/day for 5 days. An endometrial 
biopsy was performed again if the patients did not con- 
ceive with an increased dosage of clomiphene citrate. 
Those patients who continued to show abnormal dating 
were changed to progesterone treatment. 

Statistical analysis was performed with the methods 
recommended by Cramer et al. The significance of 
differences was evaluated by x” test. 


Results 


An endometrial biopsy was performed in 285 infer- 
tile patients at the initial workup. Among them, 186 
patients or 65.3% had abnormal endometrial dating 
and returned to have a repeated biopsy. One hundred 
twenty-nine patients in whom both endometrial biopsy 
specimens were 2 2days out of phase were diagnosed 
as having luteal phase inadequacy. Among these 129 
patients, 47 had other infertility factors in addition to 
luteal phase inadequacy and were excluded from the 
present study. Eighty-two patients, 28.8% of those who 
participated in initial workup or 44.1% of those who 
underwent a second biopsy were included in this study. 
Of the 82 patients having luteal phase inadequacy, 42 
patients were initially treated with progesterone and 40 
patients with clomiphene citrate. At the completion of 
this study, however, a total of 57 patients were treated 
with progesterone (group 1) and 62 patients with clo- 
miphene citrate (group 2); that is, 15 patients who had 
initially been treated with clomiphene citrate were 
again treated with progesterone (group 3); and 22 pa- 
tients who had initially been treated with progesterone 
were treated again with clomiphene citrate (group 4). 
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Table ITI. Life-table analysis of patients treated with clomiphene citrate 


No. of 

































































patients 
observed Probability of 
at start Person Probability of | Probability of no Cumulative 
Interval of Lost to months of conception conception conception in | probability of 
(mo) interval | Conceptions | jollow-up | follow-up per month per interval interval conception 





1-3 62 6 0 177.0 0.034 0.10 0.90 0.10 
4-6 56 4 13 142.5 0.028 0.08 0.92 0.17 
7-9 39 2 i9 85.5 0.023 0.07 0.93 0.23 
10-12 18 l 17 27.0 0.037 0.11 0.89 0.31 


Table IV. Life-table analysis of patients treated with progesterone after failure with clomiphene citrate 




























































No. of 
patients 
observed Probability of 3 
at start Person Probability of | Probability of no Cumulative 
Interval of Lost to months of conception conception conception in | probability of 
(mo) interval | Conceptions | follow-up | follow-up per month per interval interval conception 











1-3 15 l I 42.0 
4-6 13 ] 4 31.5 
7-9 8 2 Z 18.0 
10-12 4 0 4 12.0 


Table I shows the outcome of the treatment. Thirty 
patients conceived, 17 with progesterone and 13 
with clomiphene citrate treatment. The results of the 
two treatments were not statistically different (x* = 
1.2071). Twenty-four patients were delivered at or near 
term. Three patients had first-trimester spontaneous 
abortion. Two patients used progesterone and one pa- 
tient used clomiphene citrate for treatment. There 
were three ongoing pregnancies. All patients had sin- 
gleton pregnancies. Ifa normal endometrial biopsy was 
considered a successful treatment, 26 of 51 patients 
(51%) using progesterone and 25 of 56 patients (45%) 
using clomiphene citrate had successful results. Six pa- 
tients who did not have subsequent biopsy in each treat- 
ment group were excluded from the calculation. These 
results were not statistically different (x? = 0.4339). 

The life-table analysis of group 1 and group 2 pa- 
tients are shown in Tables II and III, respectively. The 
life-table analyses of group 3 and group 4 patients are 
shown in Tables IV and V, respectively. The periods of 
observation varied from two to 12 cycles. Patients were 
lost from observation for various reasons: moved out 
of the area, adopted a child, discontinued treatment, 
changed to a different regimen of treatment, or con- 
ceived. As shown in Table II, the cumulative probability 
of conception of group 1 patients was 20% at six cycles 
and 57% at 12 cycles. The monthly fecundability was 
5.2%. As shown in Table III, the cumulative probability 
of conception of group 2 patients was 17% at six cycles 
and 31% at 12 cycles. The monthly fecundability was 
3.0%. These results of group 1 and group 2 patients 


0.024 0.07 0.93 0.07 
0.032 0.09 0.91 0.15 
0.J 1} 0.30 0.70 0.4] 
0.000 0.00 1.00 0.41 


were not statistically significant (Z = 1.515 at 12 cycles). 
Of those group 3 patients, the cumulative probability 
of conception was 15% at six cycles and 41% at 12 cycles. 
The monthly fecundability was 3.9% (Table IV). Of 
those group 4 patients, the cumulative probability of 
conception was 15% at six cycles and 48% at 12 cycles. 
The monthly fecundability was 5.6% (Table V). There 
was no statistical difference between the results of 
group 3 and group 4 (Z = 0.052 at 12 cycles). 

The breakdown of the patients by their pretreatment 
endometrial lag is shown in Table VI. The mean num- 
ber of days of endometrial lag of two endometrial biop- 
sies was used. If the mean showed a decimal the decimal 


- was eliminated. Thus, if a patient had two biopsy spec- 


imens showing lags of 2 and 3 days she was designated 
as having a lag of 2 days. 


Comment 


The difficulties of diagnosis and treatment of luteal 
phase inadequacy have been recognized. In contrast to 
the well-accepted criteria of diagnosis, the treatment of 
luteal phase inadequacy remains controversial. Cur- 
rently progesterone and clomiphene citrate are the two 
drugs most frequently used for treatment of luteal 
phase inadequacy. However, it has been uncertain 
whether either of these two drugs is superior to the 
other in the treatment of luteal phase inadequacy. It is 
also unclear whether any particular group of patients 
with luteal phase inadequacy can be treated better with 
either progesterone or clomiphene citrate. 

The high incidence (45%) of patients with luteal 
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Table V. Life-table analysis of patients treated with clomiphene citrate after failure with progesterone 










No. of 
patients ae 
observed = 3 Probability of 
at start Person Probability of | Probability of no Cucnulative 
of Lost. to months of conception conception conception in | prolability of 
interval | Conceptions | foliow-up | follow-up | per manth | per interval interval conception 
1:3 29 l 0 64.5 0.016 0.05 0.95 0.05 
4-6 21 2 4 54.0 0.037 0.11] 0.89 0.15 
7-9 15 2 6 33.0 0.061 0.17 0.83 0.30 
10-12 7 d 6 10.5 0.095 0.26 0.74. 0.48 
Table VI. Breakdown of patients by pretreatment endometrial lag 
After clomiphene 
` Imtial citrate Total Initial After progesterone Tatal 
E iiie No. No. No. 
lag* (days) treated pr HA eed pregnant ma ai i) a pregnant | treated | pr ee oo ai 
2 2 9 8 0 Z 0 
3 7 8 6 3 23 10 16 5 8 3 24 7 
4 10 4 5 l 15 5 1] 2 7 2 18 4 
5 6 ] l l 7 2 2 0 4 2 6 2 
=6 2 0 ] 0 3 0 3 0 ] 0 4 0 
Total 42 13 15 4 57 17 40) 7 22 6 62 13 


* Average of two pretreatment endometrial biopsies. 


phase inadequacy in this study may be due to the se- 
lected group of patients who were referred to this in- 
fertility clinic. When the diagnosis of luteal phase in- 
adequacy was established these’ patients. were alter- 
nately assigned, by their sequence of attendance to this 
clinic, to either progesterone or clomiphene citrate 
treatment. While the present study showed: that the 
results of treatment with progesterone and clomiphene 
citrate were not statistically different it also showed 
that: (1) the cumulative probability of conception in the 
patients ‘treated with progesterone. (group 1) was 
slightly higher than that of:the patients treated with 
clomiphene citrate (group 2) both at the end of six 
cycles of treatment (20% with progesterone versus 17% 
with clomiphene citrate) and at the end of 12 cycles of 
treatment (57% with progesterone versus 31% with clo- 
miphene citrate); (2) the monthly: fecundability of 
group 1 patients (5. 2%) was also slightly higher than 
that of group 2 patienis (3.0%): These results, although 
not indicating a statistical superiority of progesterone 
over clomiphene citrate, are somewhat in favor of pro- 
gesterone supplementation being used as a primary 
treatment in infertile women with luteal phase inade- 
quacy. Interestingly, when the initial treatment with 
progesterone failed to normalize the endometrial dat- 
ing and the patients were again treated with clomi- 
phene citrate (group 4), the cumulative probability of 
conception (48%) as well as the monthly fecundability 


(5.6%) was considerably higher than that of patients 
initially treated with clomiphene citrate (group 2). The 
nuinber of the patients studied was too small for sta- 
tistical analysis. Nevertheless, the results sugzest that 
clomiphene citrate could be used more successfully in 
patients who had failure with progesterone (zroup 4) 
than in those who had clomiphene citrate as a primary 
treatment (group 2). These results in turn indicate that 
progesterone treatment might have screened patients 
who could respond favorably to clomiphene citrate 
treatment. The results also suggest that different drugs, 
progesterone and’ clomiphene citrate, could be used 
successfully i in different groups of patients with luteal 
phase inadequacy: We suggest therefore, on the basis 
of-the results of the present study, that: (1) patients 
with luteal phase inadequacy can be treated primarily 
with progesterone supplementation, (2) evaluation 
should be performed by endometrial biopsy during the 
treatment cycle if the patients do no: concéive by three 
or more cycles of treatment, and (3) those patients with 
persistently. abnormal endometrial dating be treated 
instead with clomiphene citrate. : 

As shown in Table VI, most of the patients in the 
present study had endometrial dating that was 3 days 
(33 of 82) or 4 days (22 of 82) out of phase. These two 
groups of patients were treated more successfully than 
the others. Fifteen of 17 patients who conceived with 
progesterone treatment and 10 of 13 patients who con- 


e 
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ceived with clomiphene citrate treatment had a 3- or 
: 4-day endometrial lag. There was no difference in the 
days of endometrial lag among patients who conceived 
with progesterone or clomiphene citrate treatment. 
These findings were not consistent with those of Downs 
and Gibson.’ These results may suggest that it is dif- 
ficult to select patients with luteal phase inadequacy for 
either progesterone or clomiphene citrate treatment on 
the basis of a single parameter such as endometrial 
dating. Having no pregnancies among the patients with 
endometrial dating that was 2 days out of phase was 
somewhat unexpected. These patients with minimal en- 
dometrial abnormalities may have factors other than 
luteal phase inadequacy causing their infertility. Al- 
though the number of patients in each pretreatment 
endometrial lag group was small, neither the pregnaney 
rate alone nor the rate of pregnancy and normal en- 
dometrial biopsy results among each group showed sig- 
nificant difference between progesterone and clomi- 
phene citrate treatment. The overall pregnancy rate 
(30 of 82) of the present study was rather disappoint- 
ing. Similar results were reported by Annos et al.' If a 
normal endometrial biopsy result was considered a suc- 
cessful treatment, 26 of 51 patients (51%) and 25 of 56 
patients (45%) were treated successfully with proges- 
terone and clomiphene citrate, respectively. These low 
success rates suggest the difficulty of treatment of luteal 
phase inadequacy by either progesterone or clomi- 
phene citrate, the two commonly used drugs. More- 
over, the results also suggest that there ts a need for 
further study, which should include a placebo group 
and therefore may provide more information as to the 
efficacy of progesterone and clomiphene citrate in the 
treatment of luteal phase inadequacy. Levy et al." have 
demonstrated that the endometrium in patients with 
luteal phase inadequacy might consist of inadequate 
number of progesterone receptor sites. The failure of 
progesterone treatment could be due to the abnormally 
low number of progesterone receptor sites in the en- 
dometrium of these patients. Clomiphene citrate has 
been believed to stimulate gonadotropin secretion by 
increasing gonadotropin-releasing hormone." Thus 
clomiphene citrate may increase not only follicle-stim- 
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ulating hormone but also luteinizing hormone 
tion. The low follicle-stimulating hormone/lute 
hormone ratio during the follicular phase in p 
with luteal phase inadequacy’ therefore may 
normalized by clomiphene citrate treatment. T} 
sistently low follicle-stimulating hormone/lute 
hormone ratio might be responsible for the fai 
clomiphene citrate treatment. Whether a cor 
treatment with the use of progesterone and clom 
citrate can improve the result needs to be studied 
alternative methods such as using follicle-stim 
hormone or other drugs for treatment of lutea) 
inadequacy are also needed. > 
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In clinical trials involving 35,036 cycles of TRIPHAS 
use,' patients experienced a high degree of contracep 
efficacy with an extremely low incidence of bre 
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ae 5.7% Total incidence of breakthrough bleeding 






| 0.6% Total dropouts due to breakthrough bleeding 
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ected to have minimal impact on lipid metabolism. 
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RIPHASIL® produced no significant change in total 
r10lesterol, HDL cholesterol or LDL cholesterol.” 
me studies did not show a significant increase in tri- 
ycerides, while others did. TRIPHASIL® has also been 
sown to have no significant impact on carbohydrate 
tetabolism or blood pressure means. 
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IN BRIEF: A 

TRIPHASIL®—6 brown tablets containing 0.050 mg levonorgestrel with 0.030 mg ethinyl estradiol; 5 white tablets 
containing 0.075 a levonorgestrel with 0.040 mg ethinyl estradiol; 10 light-yellow tablets containing 0.125 mg 
levonorgestrel with 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in the 
28-day regimen)—Triphasic regimen. 

Indications and Usage—TRIPHASIL® is indicated for the prevention of pregnancy in women who elect to use oral 
contraceptives (OC's) as a method of contraception. 

Contraindications—OC's should not be used in women with any of the following conditions: 1. Thrombophlebitis 
or thromboembolic disorders. 2. A history of deep-vein thrombophlebitis or thromboembolic disorders. 

3. Cerebral-vascular or coronary-artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or sus- 
pected estrogen-dependent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy 
(see Warning No. 5). 8. Benign or malignant liver tumor which developed during use of OC's or other estrogen- 
containing products. 

Warnings 


agane smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. 
This risk increases with - and with heavy smoking (15 or more cigarettes per day) and Bodo marked 
in women over 35 years of age. Women who use oral contraceptives should be strongly advised not 


to smoke. 


The use of oral a is associated with increased risk of several serious conditions, including 


thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. 
sg ie prescribing oral contraceptives should be familiar with the following information relating to 
ese risks. 


1. Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrombotic 
disease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U.S. 
have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION (MI)—An increased risk of MI associated with the use of OC's has been reported, 
confirming a previously suspected association. These studies, conducted in the UK, found, as expected, that the 
greater the number of underlying risk factors for coronary-artery disease a smoking, hypertension, hyper- 
cholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk of developing MI, regardless 
of whether the patient was an OC user or not. OC's, however, were found to be a clear additional risk factor. In terms 
of relative risk, it has been estimated that OC users who do not smoke (smoking is considered a major predisposing 
condition to MI) are about twice as likely to have a fatal MI as nonusers who do not smoke. OC users who are also 
smokers have about a 5-fold increased risk of fatal MI compared to users who do not smoke, but about a 10- to 12- 
fold increased risk compared to nonusers who do not smoke. Furthermore, amount of smoking is also an important 
factor. In determining importance of these relative risks, however, baseline rates for various age groups must be 
given serious consideration. Importance of other predisposing conditions mentioned above in determining relative 
be Renn risks has not as yet been quantified; quite likely the same synergistic action exists, but perhaps to a 
esser extent. 
RISK OF DOSE—In an analysis of data derived from several national adverse-reaction reporting systems, British 
investigators concluded that risk of thromboembolism, including coronary thrombosis, is directly related to dose 
of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated with higher risk of 
thromboembolism than those containing 50-80 mcg. Their analysis di togan. however, that quantity of estrogen 
may not be the sole factor involved. This finding has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the 
UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for users and 
nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually trom 
circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/ 
100,000; ages 45-49—140/100,000), risk being concentrated in older women, in those with long duration of use 
and in cigarette smokers. It was not possible, however, to examine interrelationships of age, smoking, and duration 
of use, nor to compare effects of continuous vs. intermittent use. Although the study showed a 10-fold increase 
in death due to circulatory diseases in users for 5 or more years, all these deaths occurred in women 35 or older. 
Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to 
assess magnitude of relative risk for this younger group. Available data from a variety of sources have been ana- 
lyzed to estimate risk of death associated with various methods of contraception. Estimates of risk of death for each 
method include combined risk of contraceptive method (e.g., thromboembolic and thrombotic disease in the case of 
OC's) plus risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effective- 
ness of method. The study concluded that mortality associated with all methods of birth control is low and below 
that associated with childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is 
associated with condom or diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease 
associated with OC's increases with age after about 30 and, for MI, is further increased by hypertension, hypercho- 
lesterolemia, obesity, diabetes, or history of pre-eclamptic toxemia, and especially Sy ale smoking. Physician and 

tient should be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.g., thrombophlebi- 
is, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 6- 
fold increased risk of postsurgery thromboembolic complications has been reported in OC users. If feasible, OC's 
should be discontinued at least 4 weeks before surgery of a type associated with increased risk of thromboembolism 
or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Britain involving cerebro- 
vascular disease and another in the U.S. concerning MI avdees an increased risk of these conditions in users of 
OC's persists after discontinuation of the OC's. In the British study, risk of cerebrovascular disease remained 
elevated in former OC users for at least 6 years after discontinuation. In the U.S. study, increased risk of MI 
seth for at least 9 years in women 40 to 49 years old who had used OC's for 5 or more years. Findings in 

th studies require confirmation since they are inconsistent with other published information. 


2. Ocular Lesions—There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis 
associated with use of OC's. Discontinue OC’s if there is unexplained, sudden or gradual, partial or complete loss of 
vision; onset of proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute appropriate diagnostic 
and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none 
currently contained in OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in 
dogs. In humans, 3 case-control studies have reported an increased risk of endometrial carcinoma associated with 
prolonged use of exogenous estrogen in postmenopausal women. One publication reported on the first 21 cases 
submitted by physicians to a registry of cases of adenocarcinoma of the endometrium in women under 40 on OC's. 
Of cases found in women without predisposing risk factors (e.g., irregular bleeding at the time OC's were first given, 
polycystic ovaries), nearly all occurred in women who had used a sequential OC. These are no longer marketed. No 
evidence has been reported suggesting increased risk of endometrial cancer in users of conventional combination or 
hore he OC's. Several studies have found no increase in breast cancer in women taking OC's or estrogens. 
e ao however, while also noting no overall increased risk of breast cancer in women on OC's, found an excess 

risk in subgroups of OC users with documented benign breast disease. Reduced occurrence of benign breast tumors 
in users of OC's has been well documented. In summary, there is at present no confirmed evidence from human 
studies of increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, never- 
theless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
diagnostic measures should be taken to rule out manoy Women with a strong family history of breast cancer or 

ith breast nodules, fibrocystic disease, or abnormal mammograms should be monitored with particular care if they 
elect to use OC's. 
4. Hepatic Tumors—Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. Although 
benign, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been 
reported in short-term as well as long-term users. Two studies relate risk with duration of use of OC's, the risk 
being much greater after 4 or more years’ use. While hepatic adenoma is rare, it should be considered in women 
porog ominal pain and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma 

ve been reported in women on OC's. Relationship of these drugs to this type of malignancy is not known. 
5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Offspring— 
Use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, 
have increased risk of developing in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk 
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has been estimated to be of the order of 1 in 1,000 exposures or less. Although there is no evidence now 
further enhance risk of developing this type of malignancy, such patients should be monitored with partic 
eA ae to use OC's. Furthermore, 30 to 90% of such res i women have been found to have epithel 
of the vagina and cervix. Although these changes are histologically benign, it is not known whether this c 
a precursor of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital 
Although similar data are not available with use of other estrogens, it cannot be presumed they would no! 
similar changes. An increased risk of congenital anomalies, including heart defects and limb defects, has 
reported with use of sex hormones, including OC's, in pregnancy. One case-control study estimated a 4; 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OC's, hormonal w 
tests for pone or attempted treatment for threatened abortion). Some exposures involved only a fev 
Data suggest that risk of limb-reduction defects in exposed fetuses is somewhat less than 1 in 1,000 live 
the past, female sex hormones have been used during Paon in an attempt to treat threatened or hab: 
abortion. There is considerable evidence that estrogens are ineffective for these indications, and there is | 
from well-controlled studies that progestogens are effective. There is some evidence that triploidy and po 
pes of polyploidy are increased among abortuses from women who become pregnant soon after ceasini 
mbryos with these anomalies are virtually always aborted spontaneously. Whether there is an overall inc 
spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown. It is recommendec 
any patient who has missed 2 consecutive periods, pregnancy should be ruled out before continuing OC’: 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at | 
missed period, and further use of OC's should be withheld until pregnancy has been ruled out. If pregnan 
confirmed, the patient should be apprised of the potential risks to the fetus, and advisability of continuati 
pregnancy should be discussed. It is also recommended that women who discontinue OC's with intent of 
pregnant use an alternate form of contraception for a period of time before attempting to conceive. Many 
recommend 3 months, although no precise information is available on which to base this. The administra 
progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of pregne 
6. Gallbladder Disease—Studies report increased risk of surgically confirmed gallbladder disease in users 
and estrogens. In one study, increased risk appeared after 2 years’ use and doubled after 4 or 5 years’ usi 
the other studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has been observed in a signif 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully obse 
on OC's. Increases in triglycerides and total phospholipids have been observed in patients on OC's. Three 
were performed with Triphasil and no significant alterations in lipid metabolism were noted except for a sl 
increase in triglyceride levels in 1 study. Clinical significance of these findings remains to be defined. 
8. Elevated Blood Pressure—Increase in blood pressure has been de in patients on OC's. In some w 
hypertension may occur within a few months of beginning OC's. In the 1st year of use, prevalence of won 
hypertension is low in users and may be no a than that of a comparable group of nonusers. Prevalen 
increases, however, with longer exposure, and in the 5th year of use is 2'2 to 3 times the reported prevali 
1st year. Age is also strongly correlated with development of hypertension in OC users. Women who previ 
had p arabainrta during pregnancy may be more likely to develop elevation of blood pressure on OC's. H! 
sion that develops as a result of taking OC's usually returns to normal after discontinuing the drug. 
9. Headache—Onset or exacerbation of migraine or development of headache of a new pattern which is re 
persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding Irregularities—Breakthrough bleeding, spotting, and amenorrhea are frequent reasons tor pé 
discontinuing OC's. In breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunctional | 
should be borne in mind. In undiagnosed persistent or recurrent abnormal bleeding from the vagina, adec 
diagnostic measures are indicated to rule out pregnancy or hea eh If pathology has been excluded, ti 
change to another OC may solve the problem. Changing to an OC with a higher estrogen content, while pc 
useful in minimizing menstrual irregularity, should be done only if necessary, since this may increase risk 
thromboembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young 
without regular cycles may have a tendency to remain anovulatory or to become amenorvheic after discon 
OC's. Women with these preexisting problems should be advised of this possibility and encouraged to use 
methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregular 
11. Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding—OC's given in the postpartum period may interfere with lactation and decrease quanti! 
quality of breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the mil 
mothers on OC's; effects, if any, on the breast-fed child have not been determined. If feasible, defer OC's | 
has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of O 
Pretreatment and periodic physical examinations should include special reference to blood pressure, brea 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. As a general rule OC's shc 
prescribed for longer than 1 year without another physical examination and Pap smear. 
2. Under influence of estrogen-progestogen preparations, preexisting uterine leiomyomata.may increase i| 
3. Patients with history of psychic depression should be carefully observed and the drug discontinued if d 
recurs to a serious degree. Patients becoming significantly depressed while on OC's should stop OC's anc 
alternate method to try to determine whether the symptom is drug-related. 
4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with 
monitoring, in patients with conditions which might be aggravated by fluid retention, such as convulsive ¢ 
migraine syndrome, asthma, or cardiac or renal insufficiency. 
5. Patients with a past history of jaundice acy pregnancy have an increased risk of recurrence while on 
jaundice develops, OC's should be discontinued. 
6. — hormones may be poorly metabolized in patients with impaired liver function and should be adn 
with caution. 
7. OC users may have disturbances in normal ela metabolism which may result in a relative pyrido 
deficiency. Clinical significance is undetermined. 
8. Serum folate levels may be depressed by OC's. Since the prognani woman is predisposed to developme 
folate deficiency and incidence of folate de ange increases with increasing gestation, it is possible that if 
becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate deficie, 
complications attributed to this deficiency. 
9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 
10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-contail 
a. Increased sulfobromophthalein retention. 
b. Increased prothrombin and factors Vil, VIII, IX, and X; decreased antithrombin 3; increased norepinept 
induced platelet aggregability. 
c. Increased thyroid-binding globulin (TBG) leading to increased circulating total-thyroid hormone, as me 
protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased 
the elevated TBG: free T4 concentration is unaltered. : 
d. Decreased pregnanediol excretion. 
e. Reduced response to metyrapone test. 
Information for the Patient—See Patient Package Labeling. 
Drug Interactions—Reduced efficacy and increased incidence of breakthrough bleeding have been associa 
concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone 
sodium, ampicillin and tetracycline. 
Carcinogenesis—See Warnings section for information on carcinogenesis. 
Pregnancy—Category X. See Contraindications, Warnings. 
Nursing Mothers—See Warnings. 
Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of 
Warnings): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral 
rhage, hypertension, gallbladder disease, benign ey spas congenital anomalies. There is evidence of 4 
ciation between the following conditions and use of OC's although additional confirmatory studies are nee 
mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-relat 
and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less € 
during the first cycle. Other reactions, as a general rule, are seen much less frequently or only occasional 
intestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding, spotting, change i 
flow; dysmenorrhea, amenorrhea during and after treatment, temporary infertility after discontinuance of 
edema; chioasma or melasma which may persist; breast changes: tenderness, enlargement, and secretio# 
weight (increase or decrease); change in cervical erosion and cervical secretion; possible diminution in lac 
given immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; ras 
mental depression; reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature ( 
intolerance to contact lenses. The following adverse reactions have been reported in users of OC's, and th 
has been neither confirmed nor refuted: premenstrual-like syndrome, cataracts, changes in libido, chorea 
appetite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythem 
erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 
Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OC 
young children. Overdosage may cause nausea, and withdrawal bleeding may occur in females. : 
and Administration—For maximum contraceptive effectiveness, Triphasil must be taken exactly a 
and at intervals not over 24 hours. (if Triphasil is first taken later than first day of first meastrual cycle of ni 
or postpartum, contraceptive reliance should not be placed on it until after the first 7 consecutive days of 1 
Possibility of ovulation and conception prior to initiation of medication should be considered.) — 
Any time patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another contracep 
method until she has taken a tablet daily for 7 consecutive days. 5 
For full details on dosage and administration see prescribing information in package insert. - 
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The accurate prediction and diagnosis of preterm labor continue to frustrate the clinician. This is partly due 
to a scarcity of cervical data from the early third trimester. A total of 760 prospective, serial, paired, and 
blinded pelvic examinations were done at 28 to 34 weeks of gestation for 191 patients without a history of 
preterm labor. if the cervix was dilated =1 cm (internal os) or effaced >30%, the relative risk of preterm 
labor was increased to 1.8 to 4.2. Negative predictive values for cervical status were >92%, but positive 
predictive values were <18%. Change over time was unusual (dilatation increase =1 cm or effacement 
increase =40%), suggesting that a baseline late second-trimester examination could assist in the early but 
accurate diagnosis of preterm labor should it be suspected later in gestation. These data suggest that 
even in the low-risk patient, an early cervical examination could be beneficial. (Am J OBSTET GYNECOL 


1986;155:829-34.) 
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Management options for early third-trimester, 
clearly abnormal cervical findings might include any 
combination of frequent surveillance, restricted activ- 
ity, rectovaginal streptococcal culture, oral tocolytics, 
steroids for induction of fetal lung maturation, uterine 
monitoring, ultrasonography of the lower uterine seg- 
ment, and cervical cerclage. This expensive and so- 
phisticated armamentarium has surpassed our under- 
standing of normal cervical anatomy in the critical fetal 
period of 28 to 34 weeks. Since physicians usually ex- 
amine only high-risk or symptomatic patients in the 
early third trimester, familiarity with “normal” may be 
deceiving. 

It is likely that clinical research in this area has gone 
unattempted in part because of the well-known element 
of subjectivity in the assessment of effacement. None- 
theless, this assessment has been a skill of generations 
of obstetricians. Objective quantification of interex- 
aminer variability is desirable. 

In order to establish the range and frequency of find- 
ings for dilatation, effacement, and station in the early 
third trimester for term and preterm outcome patients, 
prospective, serial, paired, and blinded pelvic exami- 
nations were done in 191 patients. Relative risks, pre- 
dictive values, sensitivities, and specificities were cal- 
culated for cervical findings and preterm outcome. 
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Material and methods 

Pelvic examination data were prospectively gathered 
for 191 pregnant patients in combinations of 28, 32, 
and 34 weeks’ gestational age. All examinations were 
done in the outpatient clinic at the Medical University 
of South Carolina after informed consent. Whenever 
a patient was examined, she was examined by two phy- 


sicians, each of whom was blinded to the findings of 


the other physician and to previous pelvic examination 
data for that patient. First-year house staff did not par- 
ticipate. A fourth-year resident or staff physician was 
always one of the examiners. Fourteen physicians par- 
ticipated. 

Patients with any of the following were excluded: 
uterine anomaly, history of labor before 37 completed 
weeks, history of an infant of weight <2500 gm, history 
of premature rupture of the membranes before 37 
completed weeks, history of a second-trimester preg- 
nancy loss, twins, polyhydramnios, or history of a cer- 
vical cone biopsy. 

Cervical dilatation (internal os) was described as <1 
cm or >] cm in ¥2 cm increments. A finding of <1 cm 
dilated was given an arbitrary value of 0.4 cm for all 
calculations of means, and for simplicity it was consid- 
ered as 0.5 cm for calculations of change over time in 
the single-examiner data. Effacement was described in 
deciles between 0% and 100%. Effacement of 0% was 
defined as a cervix that was 22 cm in length, 100% was 
interpreted as a cervix that was very thin, and inter- 
vening cervical effacement values were derived by in- 
terpolation. Station was described in centimeters above 
or below the ischial spines. Care was exercised not to 
penetrate or manipulate the internal os with the ex- 
aminations. 
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Fig. 1. Mean +2 SEM for dilatation, effacement, and station 
in term outcome patients. 


Except where otherwise stated, the value reported 
for each patient for each gestational age is the average 
of the opinions of the two “blinded” physicians on that 
date. 

Patient management was not altered on the basis of 
the findings. 

Analysis of variance was used for comparison of 
mean findings for nulliparous and parous patients at 
each gestational age. Comparisons of outcome for pre- 
term and term patients were done by analysis of vari- 
ance with the Bonferroni adjustment for multiple com- 
parisons. Comparisons of means for change over time 
for dilatation and effacement were done with repeated 
measures analysis of variance for the data of the group 
of physicians. 


Results 


A total of 380 visits (760 examinations) were done 
for the 191 patients entered into the study. 

A total of 704 examinations, each evaluating multiple 
parameters, were done in pairs on 173 term-outcome 
patients at 352 clinic visits. Preterm delivery was de- 


fined as delivery before 37 completed weeks; a total of 


44 examinations at 22 visits were done in 13 preterm 
deliveries. All patients with preterm premature rupture 
of the membranes developed premature labor, and all 
patients who had premature labor also had premature 
delivery. The mean gestational age for the preterm 
babies was 35 weeks (range 33 to 36), and the mean 
weight was 2228 gm (range 1648 to 2863). The data 
for term and preterm patients do not include five pa- 
tients who had preterm cesarean sections without either 
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labor or preterm premature rupture of the mem- 
branes. The maximum number of examinations for a 
single physician (T.M.S.) was 306. Of the total group 
of 191 patients, 64 (33.5%) had one visit, 65 (34%) had 
two visits, and 62 (32.5%) had three visits. 

Dilatation. Fig. 1 shows the mean + 2 SE for 173 
nulliparous and parous term patients from the 704 ex- 
aminations. At 34 weeks, the mean dilatation was 
higher for the parous than the nulliparous term pa- 
tients (p = 0.02) although the difference in the means 
was small (0.25 cm). Fig. 2 shows the results for both 
dilatation and effacement for all examinations in term 
outcome patients. Dilatation increased slightly as ges- 
tational age advanced. Maximal dilatation for term out- 
come patients was 3 cm at 28, 32, and 34 weeks. Di- 
latation >1.5 cm was present in only 11 (6.4%) of 173 
term patients at any time. In nine (5.2%) of these 11 
patients, both examiners reported dilatation >1.5 cm. 
Of these 11 patients, two had dilatation >1.5 cm at 28 
weeks, 4 more at 32 weeks, and 5 more at 34 weeks. 
One of the 11 patients was later described as having 
dilatation <1.5 cm, but still later she had a third pair 
of examinations (34 weeks) and was again described as 
having dilatation 21.5 cm by both examiners. 

Serial examinations from 28 up to 32 to 34 weeks 
were done in 62 term outcome patientts by a single 
examiner (T. M. S.). No change or change of +0.5 cm 
was noted in 59 (95%) patients. A 1 cm increase was 
noted in 5% (three) of patients. No patient had an 
increase in dilatation of >1 cm, and no patient had a 
decrease >0.5 cm. 

The data for all examiners included 59 term outcome 
patients with serial examinations at 28 and 34 weeks. 
There was a statistically significant difference in dila- 
tation over that time for both nulliparous and parous 
term outcome patients (p < 0.05). However, the in- 
crease was small (<0.3 cm in both term and preterm 
outcome patients), clinically insignificant, and consis- 
tent with the single-examiner findings. 

Table I shows the incidence of dilatation 21 cm in 
preterm and term outcome patients with all examina- 
tions included. The relative risk for preterm labor is 
increased as shown for patients with dilatation 21 cm 
at all these gestational ages. Patients with unremarkable 
cervical findings were usually delivered at term (high 
negative predictive value), but patients with unusual 
cervical findings had an increased risk of preterm de- 
livery but were still usually delivered at term (low pos- 
itive predictive value). 

Effacement. Fig. 1 shows the mean + 2 SE of cervical 
effacement in 352 visits (704 examinations) for 173 
term outcome patients. There was no significant dif- 
ference in mean effacement for nulliparous and parous 
term outcome patients at any gestational age studied. 
Maximal effacement for term outcome patients was as 
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Fig. 2. Effacement and dilatation for nulliparous and parous patients who were delivered at term. 


All data are averaged from pairs of examiners. 


Table I. Cervical findings in term and preterm outcome patients: relative risks, predictive values, 
sensitivities, and specificities for preterm outcome 































Term 
outcome 


Preterm 
outcome 


28 Weeks’ gestation 


Dilatation =lcm 2/8 15/100 1.8 
Effacement 0/8 9/100 — 
>30% 
Station below —3 0/8 9/100 — 
32 Weeks’ gestation 
Dilatation =] cm 4/10 28/126 22 
Effacement 5/10 23/126 3.8 
>30% 
Station below —3 1/10 15/126 0.8 
34 Weeks’ gestation* 
Dilatation =|] cm 3/4 51/126 4.2 
Effacement 2/4 22/126 4.4 
>30% 
Station below —3 2/4 26/126 3.6 


Relative 
risk 








Positive Negative 
predictive predictive 
value value Sensitivity Specificity 
(%) (%) (%) (%) 





12 93 25 85 
— 92 9] 
— 92 — 91 
13 94 40 78 
18 95 50 82 
6 93 10 88 
6 98 15 60 
8 98 50 83 
7 98 50 79 


In the outcome columns, the denominator is the number of patients examined at the time with that outcome and the numerator 


is the number of patients with the finding listed. 


*At 34 weeks, preterm outcome patients had more dilation, more effacement, and a lower station than term outcome patients 


(p < 0.02). 


follows: 28 weeks, 40%; 32 weeks, 55%; 34 weeks, 80%. 
Interexaminer differences were 20%, 30%, and 20%, 
respectively. Effacement >50% was present in 12 (7%) 
of 173 term outcome patients. In 10 of the 12, both of 
the examiners reported =50% effacement. In the 12 
patients, effacement was 50% at 28 weeks in two, at 32 
weeks in three more, and at 34 weeks in seven. How- 
ever, three of the 12 patients were later described as 
having effacement <50%. Because of suspected ex- 
aminer error in the degree of effacement in those three 
patients, in Fig. 2 these patients are listed as 35% to 
45% effaced instead of =50% on the basis of the mean 
effacement of all examinations at the visit in question 
and later. 

. Serial effacement data were available from 28 up to 


32 to 34 weeks for 63 term outcome patients examined 
by a single physician (T. M. S.). In 50 patients (80%), 
the change was + 20% or less. In three (5%) patients, 
a decrease of 30% was noted. Since such a decrease is 
physiologically improbable, the decrease represents ex- 
aminer error. If the three patients with a “decrease” 
are considered unchanged, a total of 53 (85%) of the 
patients were unchanged. Nine (15%) of the patients 
showed an increase of 230% effacement. The maxi- 
mum increase was 40%, as determined by the average 
of the findings of an identical pair of examiners at 28 
(0%, 0%) and 32 (30%, 50%) weeks, including T. M. S. 
on both occasions. 

The data for all examiners included 59 term outcome 
patients with serial examinations at 28 to 34 weeks. With 
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Table II. Distribution of interexaminer differences in the determination of dilatation and effacement 


regardless of pregnancy outcome 


Dilatation 


No. of examination pairs 336 37 
Percent of total 88 10 


the use of these pooled data of 14 physicians, there was 
no significant change detected in effacement for either 
nulliparous or parous term outcome patients. 

Interexaminer differences in the assessment of di- 
latation and effacement are shown in Table II. As ex- 
pected, interexaminer differences were less for dila- 
tation than for effacement. However, even for efface- 
ment, nearly two thirds of examiner pairs agreed to 
within 20%. 

Table I shows the incidence of effacement >30% in 
term and preterm outcome patients, with all exami- 
nations included. The relative risk for preterm delivery 
is increased as shown. 

Station. Station was analyzed for the 173 term out- 
come patients. Mean station +2 SE is shown in Fig. 1. 
At 28 weeks, there was no difference in station between 
nulliparous and parous term outcome patients. At 32 
and 34 weeks, the station was significantly lower for 
nulliparous than for parous term outcome patients 
(p < 0.01 for both). However, the difference in the 
means for nulliparous and parous term outcome pa- 
tients at 32 and 34 weeks was small (0.1 cm). Of the 
173 term outcome patients, only seven (4%) were de- 
scribed as having station below — 3 by both examiners 
at any time. 

Table I shows the frequency of station below —3 
(average of two examiners) and corresponding relative 
risks and predictive values for preterm labor. As for 
dilatation and effacement, negative predictive value 
was high and positive predictive value was low. Station 
was significantly lower for preterm outcome patients 
than for term outcome patients at 34 weeks (p < 0.02). 

Composite findings, preterm outcome. Dilatation 
>] cm or effacement >30% was present in 46% (six 
of 13) of patients who were delivered preterm. The 
combination of =>] cm and >30% was not more helpful 
in this small group of preterm patients. Similarly, cal- 
culation of a “cervical coefficient”! (dilatation in centi- 
meters multiplied by effacement in percent) did not 
increase sensitivity, specificity, or predictive values in 
this group of patients. Although socioeconomic risk 
factors were common in the 13 patients who were de- 
livered preterm, none had medical complications which 
in themselves are associated with preterm labor. 


Difference 
Effacement 
7 247 105 98 
2 65 98 7 


Comment 


In this study we have determined the range and fre- 
quency of cervical findings in the early third trimester 
in patients without a history of a preterm or low birth 
weight delivery. Bishop” stated, “The determination of 
a high pelvic score well in advance of the expected date 
of delivery may forewarn both obstetrician and patient 
of the possibility of premature labor and permit proper 
precautions to be initiated.” However, the lack of a com- 
plete and well-documented description of the normal 
preterm cervix has made it difficult for the physician 
to diagnose abnormality and individualize care. Fig. 2 
helps the physician to detect unusual findings in an 
individual patient. 

The finding of little change over time in the normal 
early third trimester in this study suggests that every 
gravid patient might potentially benefit from an early 
routine cervical examination. Creasy and Herron* have 
recommended that preterm labor be diagnosed in a 
patient with contractions and an initial cervical exam- 
ination of 2 cm or 80%, a precaution made necessary 
by the significant rate of false labor in patients with 
contractions and lesser cervical findings. The obstetri- 
cian might diagnose cervical change earlier in patients 
with contractions if a recent routine cervical exami- 
nation were available for comparison. A cervical change 
of 40% effacement or | cm of dilatation (“closed” = 0.5 
cm) in the presence of uterine contractions would be 
strongly suggestive of preterm labor since the data pre- 
sented here indicate that the change is unlikely to have 
happened before the contractions started. Earlier di- 
agnosis of preterm labor could result in more effective 
therapy. 

The gap in knowledge of cervical change over time 
in the early third trimester was recognized by Daikoku 
and Burnhill.' Creasy and Herron* have previously 
noted the usefulness of weekly cervical assessment in 
the early diagnosis of preterm labor. 

These data suggest that there is an increased risk of 
preterm delivery if dilatation is 21 cm, or effacement 
is >30%, between 28 and 34 weeks. Stations below — 3 
represented a similar risk at 34 weeks. Although only 
one preterm outcome patient in this study had station 
below —3 at 28 or 32 weeks, such a finding is probably 
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ominous in any preterm setting. Nonetheless, many 
term outcome patients will have 21 cm dilatation or 
>30% effacement, especially by 34 weeks. The 28-week 
data are the most important set in this study because 
they precede a period of high neonatal morbidity and 
mortality. The normal cervix is very reassuring (high 
negative predictive value), and while the abnormal cer- 
vix predicts prematurity only 6% to 18% of the time, 
at low cost it alerts the clinician to risk of eventual 
preterm delivery. The low positive predictive values 
would likely be even lower in a population with a lower 
prevalence of preterm labor, but the high negative pre- 
dictive values would be even better in a population in 
which preterm labor is less common. The 60% to 91% 
specificity of the dilatation finding in this population 
would apply equally to a population in which preterm 
labor is more unusual. Similar considerations apply to 
effacement of >30% at 28 weeks. 

Sixty percent of the total of 760 pelvic examinations 
were done by 13 physicians other than the senior author 
(T. M. S.). We suggest that the use of multiple exam- 
iners improves the data in Fig. 1 by allowing the ob- 
server-observer variation to be included within the es- 
timate of the error and improves the data of Fig. 2 by 
always presenting the averaged opinion of two 
“blinded” examiners. For change-over-time data, in 
contrast, use of a single examiner was desirable in order 
to eliminate interexaminer variability as a possible fac- 
tor in the result. Also the Bonferroni adjustment for 
multiple comparisons is a very conservative means sep- 
aration technique. 

There were no apparent complications from this 
study. Post-examination spotting occurred but was very 
unusual. Determination of the effect of this study itself 
on the prematurity rate would have required a ran- 
domized examiner—no examiner design that was not 
necessary to answer the questions asked by this study. 
The total preterm delivery rate of 10.4% in this obser- 
vational study was similar to the usual 9% annual pre- 
term delivery rate in the population served by this in- 
stitution. 

Although other investigators have noted a lowering 
of the preterm birth rate with a program that includes 
a check for patency of the internal os,’ merely assessing 
the upper endocervical canal to us seems preferable to 
actual penetration of the internal os. The data pre- 
sented here were collected by direct palpation of the 
internal os (when openness of the endocervical canal 
permitted). However, stopping in the endocervical ca- 
nal probably provides sufficient information for several 
reasons. There is less risk of disturbing an unsuspected 
placenta previa, and there is less risk of bacterial seed- 
ing of the membranes and decidua. The positive pre- 
dictive value of an open internal os for preterm labor 
is limited, and in most instances we believe that the 
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upper endocervical canal differs little in size from the 
internal os anyway. It is our opinion that this exami- 
nation should manipulate the cervix very little, indeed 
much less than normal intercourse. 

Hendricks et al.' showed that there is progressive 
dilatation, effacement, and descent in the weeks pre- 
ceding the onset of normal labor in singleton pregnan- 
cies. Houlton et al.’ showed in an analysis of 132 twin 
pregnancies that the cervical changes preceding pre- 
term labor with twins were the same as those preceding 
term labor. It is possible that in this study the patients 
with cervical changes before preterm labor are under- 
going a pathologic process that is different from the 
occurrence in those without prior cervical changes, al- 
beit the result is still preterm labor. This process might 
represent a third-trimester analogy to the incompetent 
cervix of the second trimester. This group of patients 
in particular might benefit from bed rest. It is also 
possible that cervical patency allows bacteriologic col- 
onization of the membranes and/or decidua, causing 
preterm rupture of the membranes or labor. 

By a score that included cervical findings as well as 
other factors, Creasy et al.” classified 11% of a group 
of parous patients as high risk for preterm delivery. 
Preterm delivery occurred in 33% of that group, yield- 
ing 77% of total parous preterm deliveries. Using his 
own system for preterm labor risk detection and con- 
trol, Papiernik’ has notably decreased the preterm de- 
livery rate in a high-risk Parisian population from 7% 
to 4.5%. In a related French project, Dreyfus et al.” 
have shown that if the internal os is open at 32 to 34 
weeks, the relative risk of preterm labor is increased 
by a factor of 4.3. Their relative risk findings for di- 
latation were similar for other gestational ages in a pop- 
ulation of more than 8000 gravid women. 

Papiernik and Kaminski’ have cited as danger signals 
at 32 weeks the following findings: station lower than 
0, thinned lower uterine segment, cervix length <2 cm, 
and patent internal os. Several differences are apparent 
in comparison of those data to the present study. The 
station of the presenting part was lower than 0 in 28% 
of patients who were delivered between 32 and 35 
weeks in the study of Papiernik and Kaminski. In the 
present study, of the 13 patients who were delivered 
before term, 10 were described as having the fetus at 
— 3 station or higher by both of the examiners at their 
last clinic visit. The lowest station in all of the preterm 
outcome data was — 1. Cervical length was <2 cm in 
only 20% of Papiernik and Kaminski’s patients who 
were ultimately delivered at term, but many more of 
the patients reported here had partial effacement. In 
spite of these differences, the relative risks reported 
here are similar to the ones noted by Dreyfus et al. The 
explanation is probably that, although the human hand 
is a sensitive “instrument” for investigation, the ex- 
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aminer’s ability to communicate the findings is limited. 
It is fortunate that this communicative difficulty would 
not be a problem for the clinician who personally does 
and compares serial cervical examinations on an indi- 
vidual patient. 

These data are in marked disagreement with much 
of the older literature. Parikh and Mehta" found that 
although the internal os was open in 35% of patients 
between 21 and 36 weeks, there was no predictive value 
for preterm labor. Similarly, Schaffner and Schanzer'' 
reported that there was no relationship between dila- 
tation of 2 to 3 cm at the internal os at 28 to 32 weeks 
and preterm delivery. The data presented here are also 
in marked disagreement with the results of Wood 
et al., who found that only 9% (one of 11) of their 
patients were delivered prematurely without cervical 
changes or abruptio placentae. Similar results were re- 
ported by Anderson and Turnbull, who found that 


at 32 weeks the internal os will be open in 100% of 


those patients who will be delivered before 38 weeks. 
The findings of this paper suggest that a “middle 
ground” between perfectly predictive and useless is 
probably the correct position. The relative risks of find- 
ings of this study and those of Dreyfus et al. are both 


“middle ground” and remarkably similar in spite of 


different study design and different health care systems 
operating on different continents. 

The findings reported here suggest that every gravid 
woman might potentially benefit from a routine late 
second-trimester cervical examination. If possible pre- 
term labor is a later concern of the obstetrician, the 
early cervical check could serve as a baseline for later 
comparison in a patient with contractions. Cervical 


findings can also be used to help determine the risk of 


preterm labor in an individual patient. Fig. 2 allows 
comparison of a known group of term outcome patients 
with an individual patient in the early third trimester. 
Merely palpating the upper endocervical canal prob- 
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ably provides sufficient information more safely than 
does penetration of the internal os. 


We gratefully acknowledge the assistance of Sue L. 
Stramm, R.N., and Susan Sutherland, M.S., without 
whose effort and thoroughness this project could not 
have been accomplished. 
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The use of a rapid in situ technique for third-trimester 


diagnosis of trisomy 18 


Burton L. Rochelson, M.D., Carolyn Trunca, Ph.D., Alan G. Monheit, M.D., and 


David A. Baker, M.D. 
Stony Brook, New York 


A rapid in situ coverslip technique was used to diagnose trisomy 18 within 1 week of amniocentesis in the 
third trimester. Two cases are presented. The clinical significance and advantages over umbilical vein 


aspiration are discussed. (Am J OssTET GYNECOL 1986;155:835-6.) 


Key words: Karyotyping, amniocentesis, in situ technique, umbilical vein aspiration 


Prenatal diagnosis of a lethal chromosomal anomaly 
in the third trimester may prevent needlessly heroic 
intervention and intensive antepartum surveillance. In 
chromosomally normal fetuses, obstetric care is de- 


signed to maximize the newborn infant’s chances of 


achieving its full potential even at the cost of increased 
maternal morbidity. In hopeless cases like trisomy 13 
or 18, a choice may be made to omit intensive prenatal 
surveillance and needless cesarean sections may be pre- 
vented. An abnormal cytogenetic diagnosis in the third 
trimester may give the parents the necessary time to 
learn about the fetus’s condition before birth or pre- 
mature loss and give the obstetric staff and the nursery 
time to plan. 

Conventional culture techniques for amniotic fluid 
require 2 to 4 weeks for growth and karyotypic analysis. 
This may be even longer in the third trimester. Because 
this delay is sometimes unacceptable, fetal blood may 
be aspirated directly from the umbilical cord with ul- 
trasound guidance.' A sample is obtained on which 
chromosomal diagnosis is made in 2 to 4 days. The risk 
of the procedure, however, is a fetal loss of 1.9%, sig- 
nificantly increased over that of third-trimester amnio- 
centesis. The procedure requires special training and 
is done at only a few centers. 

An in situ technique for cytogenetic evaluation of 
amniocytes has been used for rapid midtrimester di- 
agnoses.” There has been little written, however, about 
its application in the third trimester. 

Reported here are two cases of trisomy 18 diagnosed 
in the third trimester. The in situ technique was used 
and diagnosis made | week after amniocentesis. 


From the Department of Obstetrics and Gynecology, School of Med- 
wine, State University of New York at Stony Brook. 

Received for publication December 27, 1985; revised April 18, 1986; 
accepted April 24, 1986. 

Reprint requests: Burton L. Rochelson, M.D., Department of Ob- 
stetrics and Gynecology, Health Sciences Center, T9 Room 080, 

e Stony Brook, NY 11794. 


Case reports 


Case 1. C. M. is a 33-year-old woman, gravida 4, para 
2-0-1-2, at 41 weeks’ gestational age by dates with ul- 
trasound evidence of polyhydramnios and intrauterine 
growth retardation. Although the biparietal diameter 
was consistent with a 40-week gestation, other param- 
eters were consistent with 33 weeks. There was a fluid- 
filled structure in the posterior fossa of the fetal brain 
and a suspicion of cleft lip and palate. Amniocentesis 
was performed. Lecithin/sphingomyelin ratio was | : 1. 
Fluid was sent for karyotyping. Until the results were 
obtained, the patient was managed by standard intra- 
uterine growth retardation protocol, with nonstress 
tests and biophysical profile, which were normal. Seven 
days after the amniocentesis the diagnosis of trisomy 
18 was reported. The patient and her husband were 
counseled by the genetics, neonatology, and perinatol- 
ogy staff and by the clergy. Antepartum monitoring 
was discontinued, and the patient was seen weekly with 
the plan to induce labor as soon as the cervix was fa- 
vorable. At 45 weeks this was attempted unsuccessfully. 
At 46 weeks the patient had spontaneous rupture of 
the membranes and presented in labor. Unfortunately, 
the fetus was in transverse lie with back down, and 
cesarean section was necessary. The mother was deliv- 
ered of a 2700 gm female infant with multiple anom- 
alies that died 3 weeks later. 

Case 2. G. L. is a 36-year-old white woman, gravida 
3, para 2, with two previous cesarean sections with nor- 
mal infants. In the second trimester she was offered 
genetic amniocentesis, but she refused. At 29 weeks’ 
gestational age she was noted to be large for gestational 
age. Ultrasound revealed polyhydramnios and intra- 
uterine growth retardation. Amniocentesis was per- 
formed, and the case was managed according to 
protocol for intrauterine growth retardation. A fetal 
arrhythmia was noted, which made nonstress test in- 
terpretation difficult. Fetal echocardiography was per- 
formed which was suboptimal because of active fetal 
movement. One week after the amniocentesis the re- 
sult of trisomy 18 was reported. The patient and her 
husband received counseling as in case 1. No further 
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antepartum monitoring was done. At 37 weeks she pre- 
sented in labor with a fetal death. She was delivered 
vaginally of an 1870 gm stillborn female infant with 
multiple anomalies. 


Material and methods 


The amniotic fluid samples were processed in situ.” 
For each case, 30 ml of amniotic fluid was centrifuged, 
the supernatant removed, the cell button resuspended 
in 4.0 ml of culture medium which contained 65% mod- 
ified Eagle’s medium (Alpha medium), 25% Chang me- 
dium, and 10% fetal bovine serum that was supple- 
mented with L-glutamine and penicillin/stweptomycin 
solution; 0.5 ml of the suspension was pipetted onto a 
22 mm square coverslip in each of eight Petri dishes. 
After 24 hours, 1.5 ml of medium was added to each 
dish. The cultures were harvested in situ on the fifth 
and sixth days by first adding Colcemid to the cultures 
for 2 hours, treating with 0.8% sodium citrate hypo- 
tonic solution for 20 minutes, and fixing in a 1:3 acetic 
acid/methanol fixative. G-banded mitoses from a min- 
imum of 15 colonies from at least three different cover- 
slips were analyzed so that a final cytogenetic diagnosis 
was made within a week of the amniocentesis. 


Comment 


These cases illustrate the advantage of rapid amniotic 
fluid karyotyping in the third trimester. Daffos et al.' 
have described percutaneous sampling of fetal cord 
blood with use of ultrasound guidance for karyotyping 
the late second- or third-trimester fetus. Knowledge of 
karyotype may be helpful in the management of growth 
retardation at term or in the preterm fetus. It is par- 
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ticularly important to make a diagnosis in the presence 
of polyhydramnios, which is frequently associated with 
a chromosomally abnormal pregnancy. A l-week in- 
terval for amniotic fluid analysis with use of the in situ 
technique reduces the advantage of the rapid turn- 
around time of umbilical vein aspiration, a more mor- 
bid procedure. 

In these cases the expense and anxiety of antepartum 
testing were avoided and the parents prepared for a 
negative outcome. In case | the patient was allowed to 
continue post dates without surveillance or interven- 
tion, and only fetal position prevented a vaginal deliv- 
ery. In case 2 the difficulty of monitoring and inter- 
preting nonstress tests of a fetus with an arrythmia was 
avoided. It is likely that with regular monitoring the 
patient would have had an emergency cesarean section 
for fetal distress. 

The rapid in situ technique with use of amniocytes 
is safer and easier than umbilical vein aspiration of fetal 
blood. The rapid turnaround time allows intelligent 
and timely counseling of the parents and may prevent 
hopeless intervention. 


We gratefully acknowledge the technical assistance 
of Nedra Carlson. 
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Monoamniotic twins: Antenatal diagnosis and management 
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Confident prenatal diagnosis of monoamniotic twins permits timed elective delivery, thereby reducing the 
risk of perinatal loss. In this report serial dynamic ultrasound fetal assessment and amniography were 
used to confirm this diagnosis and guide management to a successful outcome. (Am J OBSTET GYNECOL 


1986;155:836-7.) 
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Monoamniotic twins, while rare, result in perinatal 
death in up to 68% of cases.' Umbilical cord entangle- 
ment is the most common cause of death (72% of cases). 
Reliable prenatal diagnosis of monoamniotic twins, as 
illustrated here, may permit elective early delivery, 
thereby reducing perinatal loss. 5 


Volume 155 
Number 4 


Case report 

The patient, a healthy primigravida, was referred at 
30 weeks’ gestation for ultrasound assessment of twin 
gestation. At ultrasound examination, grossly normal 
cephalic female twins of equal size were recognized. 
The single placenta was posterior and the umbilical 
cords appeared entwined; a separating membrane was 
not seen. An ultrasound diagnosis of monoamniotic 
twins was confirmed by sequential amniocentesis. A left 
lower quadrant tap was done and 2 ml of methylene 
blue was injected. When an immediate right upper 
quadrant tap yielded blue-stained fluid, 15 ml of Ren- 
ografin-76 was injected and the diagnosis confirmed by 
amniogram (Fig. 1). Dynamic ultrasound was done 
twice weekly to monitor fetal growth and well-being” 
until 36 weeks of gestation, when fetal lung maturity, 
which was confirmed by amniotic fluid phospholipid 
profile, prompted elective delivery by cesarean section. 
At birth a monoamniotic twin gestation with gross cord 
entanglement and multiple true knot formation was 
confirmed. Subsequent maternal and neonatal courses 
were uneventful. 


Comment 


The absence of a separating membrane, the hallmark 
of monoamniotic twins, may not be recognized with 
certainty by ultrasound. Therefore, confirmatory tests, 
such as sequential amniocentesis-amniography, as de- 
scribed here, are useful in establishing the diagnosis. 
Most perinatal deaths in gestations with monoamniotic 
twins are stillbirths (85%), and the majority (72%) are 
associated with cord entanglement.' Accurate prenatal 
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Fig. 1. Amniogram obtained with Renografin-76. Note the 
negative shadow due to fetal scalp soft tissue (arrows) seen in 
both twins, confirming the diagnosis of a monoammniotic twin 
gestation. 


diagnosis of monoamniotic twins, as illustrated here, 
permits timed elective delivery, thereby reducing the 
risk of perinatal loss. 
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Ultrasonic measurement of fetal femoral length in singleton 


and twin pregnancies 


Christopher J. Haines, Suzanne LeP. Langlois, and Warren R. Jones, M.D. 


Adelaide, South Australia 


The fetal femoral length and biparietal diameter were measured by ultrasound on 1657 occasions in 1289 
singleton pregnancies between 12 and 41 weeks’ gestation. Mean values for fetal femoral length were 
significantly lower than those demonstrated in previous studies, with the difference becoming greater 
approaching term. Three hundred twenty-two measurements of fetal femoral length were made on 57 
patients with twin pregnancies, with no significant difference noted between the means of these recordings 
and the means of the singleton pregnancies. (AM J OssTeT GYNECOL 1986;155:838-41.) 


Key words: Ultrasonics, fetal femoral length 


Although the measurement of fetal femoral length 
is a relatively recent part of antenatal ultrasound 
screening, a large volume of material has reached pub- 
lication which records the clinical application of these 
measurements in both normal and pathologic situa- 
tions. In many centers it has now become standard 
practice to measure fetal femoral length in utero as a 
routine whenever an ultrasound examination is nec- 
essary during the pregnancy. 

It has been stated that such measurements are ac- 
curate, add little to the time necessary to perform an 
ultrasound examination, and are at least as useful as 
the measurement of biparietal diameter in estimating 
gestational age." ” 

The advantage in having a second parameter for the 
assessment of gestational age in those patients with un- 
certain dates, especially with a breech presentation in 


which biparietal diameter may be unreliable because of 


dolichocephaly* has since been extended to other areas. 
The fetal femoral length has now been included in the 
ultrasonic determination of intrauterine growth retar- 
dation,' the estimation of fetal weight in utero,’ and 
also in the early diagnosis of certain congenital abnor- 
malities.” ’ 

As in many other branches of science, experience 
with ultrasonic measurement has shown some variation 
from one population to another when the same param- 
eters have been measured by a similar method. The 
bulk of published material on fetal femoral length has 
been accumulated outside of Australia, and the main 
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purpose of our investigation was to establish the normal 
values of fetal femoral length for gestational age within 
our own population for future clinical application. 
These results were then compared with selected studies 
from overseas to establish any significant population 
differences. The fetal femoral length in twin pregnan- 
cies was also measured to determine whether the graph 
constructed for singleton pregnancies could be equally 
well applied in the monitoring of twin pregnancies. 


Material and methods 


Included in the study were a total of 1346 patients, 
all of whom were attending the Flinders Medical 
Centre for antenatal care and who at the time of the 
ultrasound examination represented gestational ages 
ranging from 12 to 41 weeks. The study group in- 
cluded 1289 singleton pregnancies and 57 twin preg- 
nancies. 

All of the patients had a certain date of their last 
menstrual period, and a biparietal diameter measure- 
ment before 20 weeks’ gestation agreed with an esti- 
mated date of confinement based on dates. 

The criteria for inclusion of subjects in the study were 
relaxed as much as possible in order to provide a set 
of results which could be applied to the greatest number 
of antenatal patients without prejudicing the results 
obtained. It was considered mandatory to exclude those 
subjects who were delivered of an infant affected by 
intrauterine growth retardation or a congenital abnor- 
mality, but the presence of antepartum hemorrhage, 
hypertension, or prematurity did not necessarily mean 
that these subjects were also excluded. Similar criteria 
were applied to the twin pregnancies, with an obviously 
greater incidence of prematurity and growth retarda- 
tion compared with singleton pregnancies. 

No attempt was made to limit the number of sonog- 
raphers performing the examinations, since this con; 
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Fig, 1. The mean and 2 SD values for fetal femoral length m singleton pregnancies plotted against 
gesiational age. A graph of the mean fetal femoral length values in twin pregnancy is superimposed. 


Table I. Comparison of fetal femoral length in singleton and twin pregnancy* 


Singleton pregnancies Twin pregnancies 
No. of 
measurements 
6 







Gestational Mean 2 SD No, of Mean 2 SD Difference of 
week (am) (mm) measurentents (mim) (nm) means (mm) 





12 9.00 2.20 -— === — — 
13 20 11.10 3.40 2 11.00 NS 
14 47 14.75 3:75 — _— — — 
15 62 18.60 4.40 7 18.90 3.3 NS 
16 109 2129 4.40 5 20.80 2.6 — 0.45 
17 194 24.25 4.25 12 23.10 3:5 oie Oe 
18 120 25.75 4.65 7 26.60 2:9 —0.15 
19 76 31).25 6.35 4 29.50 2.6 0275 
20 42 32.50 6.10 6 33.30 7.0 + 0.80 
2] 40 35.90 5.40 4 32.00 1.6 = 3:90 
22 26 39.50 5.30 8 38.80 5.2 0.70 
23 27 42,00 7.00 12 40.20 7.5 — 1.80 
24 33 43.60 4.70 5 44,00 4.0 +0.40 
25 29 45.20 4.90 8 43.10 7.2 gaa 
26 40 48.60 7.80 24 47.30 Tal — 1.30 
27 37 50.80 8.20 23 50.80 a2 0.00 
28 47 53.20 6.50 36 51.80 48 — 1.40 
29 65 54.60 7.20 30 55.00 7.8 + 0.40 - 
30 93 57.60 7.20 30 56.90 82 ~ 0.70 
3] 53 59.50 7.00 , 18 58.10 7.9 — 1.40 
32 81 61.20 7.60 20 60.80 8.3 -— 0.40 
33 i 82 62.80 7,00 20) 61.20 7.6 — 1.60 
34 89 63.90 6.60 12 62.80 5.0 -1.10 
35 83 66.00 7.30 lI ~ 62.70 6.3 —3.30 
36 60 67.50 6.40 I1 65.10 7.2 — 2.40 
37 22 68.60 7.20 4 66.50 2.0 = 2:10 
38 37 69.00 8.50 3 66.00 3.5 — 3.00 
39 15 70.50 8.70 — _ — — 
40 17 70.80 8.30 — — — — 
41 5 69.40 6.70 ~-—- _ — — 





*N (gestational groups) = 23; average difference of means = — 1.13; SD of difference = 1.28; paired t = 4.27; p = 0.001. 


dition would not apply under normal circumstances. used to measure the fetal femoral length was that de- 
The scanning was performed with use of a Diasonics scribed by O’Brien et al.’ 

DRF.1 real-time sector scanner with a transducer fre- 

quency of 3.5 MHz and calibrated for an assumed ve- Results 

locity of 1540 m/s. The length recorded was the mean A total of 1979 measurements was recorded, 1657 in 

of three measurements, all of which had to differ by singleton pregnancies and 322 in twins. 


«2 mm from each other to be included. The method Repeat examinations during the pregnancy were not 
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Fig. 2. The mean and 2 SD values for fetal femoral length in singleton pregnancies. A graph of the 
mean fetal femoral length values in the study of O’Brien and Queenan is superimposed. 


Table II. Comparison of fetal femoral length 
in two series* 









Mean fetal femoral 








length (mm) 
Gestational Present O’Brien and Difference of 
series Queenan” means (mm) 
14 14.75 16.60 + 1.85 
15 18.60 19.90 + 1.30 
16 21.25 22.00 +0.75 
17 24.25 25.20 + 0.95 
18 26.75 29.60 + 2.85 
19 30.25 32.40 215 
20 32:90 34.80 +2.30 
21 35.90 37.50 + 1.60 
22 39.50 40.90 +1.40 
23 42.00 43.50 +1.50 
24 43.60 46.40 +2.80 
25 45.20 48.00 +2.80 
26 48.60 51.10 +2.50 
ad 50.80 53.00 + 2.20 
28 53,20 54.40 + 1.20 
29 54.60 57.30 +220 
30 57.60 58.70 +1.10 
31 59.50 61.50 +2.00 
32 61.20 62.80 +1.60 
33 62.80 64.90 +2.10 
34 63.90 65.70 +1.80 
35 66.00 67.70 +1.70 
36 67.50 69.50 +2.00 
37 68.60 70.80 +2.20 
38 69.00 71.80 +2.80 
39 70.50 74.80 +3.70 
40 70.80 75.40 +5.40 


*N (gestational groups) = 27; average difference of 
means = 2.12; SD of difference = 0.95; paired ¢ = 11.60; 
p < 0.001. 


uncommon in either group, but even with considera- 
tion of the greater use made of ultrasound monitoring 
in twin pregnancies, only two to three examinations 
were made per patient with a twin pregnancy. 

A graph of the mean fetal femoral length and 2 SD 
for singleton pregnancies is shown in Fig. 1; super- 
imposed on it is the mean for twin pregnancies. There 


is a progressive, almost linear increase in fetal femoral 
length for gestational age in early pregnancy, but as 
the gestational age advances, the rate of growth of fetal 
femoral length declines. 

The curve displaying the mean values of fetal fem- 
oral length for gestational age in twin pregnancies 
closely approximates that for singleton pregnancies in 
the first and second trimesters but then shows some 
flattening while still remaining well within the standard 
deviations of that for singletons. Table I compares the 
mean fetal femoral length for gestational age in both 
singleton and twin pregnancies in a numerical form. 
Analysis of these results showed that femoral lengths 
of twin pregnancies are generally shorter than single- 
tons. Differences between singleton and twin pregnan- 
cies are not statistically significant when individual 
weeks are considerd, because the numbers of cases are 
insufficient. However, if the differences in every week 
are given the same priority, then on average the twins 
are smaller by 1.13 cm, this difference being statistically 
significant (paired ¢ = 4.27, p < 0.001). 

A graph of the mean fetal femoral length and 2 SD 
for singleton pregnancies in our study is shown in Fig. 
2; superimposed upon it is the mean for the study by 
O’Brien and Queenan. The measurements for each 
week were also compared in Table II. Our measure- 
ments were found to be consistently between 1 and 5 
mm shorter than those of O’Brien and Queenan for 
similar gestational ages, these differences being highly 
significant: an overall average difference of 2.12 cm 
was found (paired ¢ = 11.60, p <0.001). Similar dif- 
ferences were noted when our data were compared 
with those of Hadlock et al. and Queenan et al." The 
details of these studies are not printed here because 
their series included smaller numbers. 


Comment 


The combination of an uncertain date of the last 
menstrual period and any obstetric high-risk situation 
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places the fetus in jeopardy because of the difficulty in 
deciding the optimal time for delivery; Dewhurst et al.” 
described a fourfold increase in perinatal mortality un- 
der these circumstances. 

Increasing reliance has been placed on the use of 
ultrasound techniques for collating data that may be 
used both to calculate an estimated date of confinement 
for the significant group of patients whose dates are 
uncertain and to confirm gestational age in those with 
apparently certair menstrual dates. 

By far the most commonly used measurement is the 
biparietal diameter, but others that have been studied 
include the length of the humerus, radius-ulna, tibia- 
fibula, and the fetal femoral length. 

Hadlock et al.” reported that the measurement of 
fetal femoral length was comparable in error to bipa- 
rietal diameter in estimating gestional age, and data 
from Yeh et al.” and Tse and Lee™ have suggested that 
fetal femoral length may be more accurate than bipa- 
rietal diameter in estimating menstrual age. Difficulties 
in measuring the humerus and tibia-fibula and radius- 
ulna complexes have therefore left the biparietal di- 
ameter and the fetal femoral length as the most reliable 
methods of estimating gestational age, and clearly these 
are complementary rather than alternative. 

Both parameters are now routinely measured in our 
department during an antenatal ultrasound examina- 
tion, and in the event of an obvious discrepancy be- 
tween the results, a repeat examination is performed 
to exclude the possibility of operator error or the pres- 
ence of a fetal abnormality. 

The information provided in this study confirmed 
the necessity for collating data on the local population. 
The difference in measurements between our study 
and that of O’Brien and Queenan’s increased with ges- 
tational age, being around 2 mm in early pregnancy 
and a little more than 5 mm at term. A discrepancy 
was demonstrated which would have introduced a sig- 
nificant error in estimating gestational age by ultra- 
sound if alternative normograms had been used. 

The data accumulated for twin pregnancies were not 
as complete as those for singleton pregnancies, both 
because of the fewer initial subjects available and the 
higher exclusion rate compared with the singleton 
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group. Although measurements of the twin group were 
consistently about 1 mm shorter than those of the sin- 
gleton group until 35 weeks and were 2 to 3 mm shorter 
from 35 to 38 weeks, it was, however, of practical value 
to demonstrate that the fetal femoral length in single- 
ton and twin pregnancies showed no significant differ- 
ence for gestational age. 


We would like to thank Mrs. R. Dollman and the 
sonographers in the Department of Ultrasound as well 
as Mrs. E. Meffin and Mrs. B. Watson for their assis- 
tance with statistical analysis. 
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The prenatal diagnosis of ventral abdominal wall defects 


Shirin Hasan, B.S., and Marcus C. Hermansen, M.D. 


Lexington, Kentucky 


Ventral abdominal defects are frequently diagnosed by prenatal ultrasonography. This review of 47 infants 
with ventral defects was designed to determine the effect of prenatal diagnosis on neonatal outcome. All 
nine infants with prenatal diagnosis were delivered by cesarean section at tertiary level hospitals. Only 13 
(34%) of 38 infants with unsuspected defects were delivered by cesarean section and 15 (39%) were 
delivered at tertiary level hospitals. There was no difference in mortality between infants with prenatal 
diagnosis (44%) and those with unsuspected defects (37%). Increased mortality correlated with the 
presence of other major anomalies (79% mortality), with birth weight <1500 gm (80%), and with 
omphaloceles (65%). We conclude that infants with other associated defects or with birth weight <1500 
gm have poor outcomes and cesarean section may not be justifiable. However, in larger infants without 
other anomalies, prenatal diagnosis was followed by cesarean section and a good prognosis. (Am J 


Osstet GYNECOL 1986;155:842-5.) 


Key words: Prenatal diagnosis, ultrasonography, ventral abdominal wall defect, gastroschisis, 


omphalocele 


Ventral abdominal wall defects, gastroschisis and om- 
phalocele, are relatively common birth defects. Previ- 
ously these defects were only detected at the time of 
delivery. However, with the widespread use of prenatal 
ultrasonographic imaging, the intrauterine diagnosis of 
these defects is often made early in gestation, and the 
knowledge of this intrauterine malformation then in- 
fluences obstetric management. 

Ideally prenatal diagnosis of congenital defects may 
improve parental counseling, alter the timing, site, and 
method of delivery, and sometimes allow intrauterine 
surgical correction of the defect.' However, scientific 
evidence of improved outcome associated with prenatal 
diagnosis of ventral wall defects is lacking. 

Thus we, at the University of Kentucky Medical Cen- 
ter, conducted a study to evaluate the procedure. The 
study evaluated the effect of prenatal diagnosis of ven- 
tral abdominal wall defects on timing, site, and method 
of delivery and on subsequent fetal outcome. 


Methods 


Medical records of 47 infants with the diagnosis of 
ventral abdominal wall defects, born between January 
1980 and September 1985 and admitted to the Uni- 
versity of Kentucky Medical Center or Central Baptist 
Hospital of Lexington were reviewed for the following: 
site and method of delivery (vaginal delivery, emer- 
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gency cesarean delivery, or elective cesarean delivery), 
birth weight, gestational age, sex, Apgar scores, age at 
admission to an intensive care unit, presence of other 
major congenital anomalies, days of mechanical ven- 
tiliation, age at surgical repair, need for bowel resection, 
survival, and either length of hospitalization (survivors 
only) or cause of death. If a prenatal sonographic di- 
agnosis of a ventral wall defect had been made, the 
mother’s chart was reviewed to determine the gesta- 
tional age at the ume of the ultrasound, the reason for 
the ultrasound, and the sonographic diagnosis. 

The data were analyzed by Student’s ¢ test for non- 
paired continuous data, x” test and Fisher’s exact test 
for nominal data, and the Mann-Whitney U test for 
ordinal data, Data are reported as the mean + 1 SD. 


Results 


The medical records of 47 infants with ventral wall 
defects were reviewed. Of the 47, nine were diagnosed 
prenatally by ultrasonography. The mean age at the 
time of the sonographic diagnosis was 27.0 + 6.3 
weeks. Only two of the nine infants were <20 weeks’ 
gestation at the time of the ultrasonic diagnosis (one 
was 15 weeks and one 19). The ultrasound was per- 
formed for a variety of reasons: to determine gesta- 
tional age (five), because of fetal distress (one), to ac- 
company amniocentesis (one), because of an elevated 
serum a@-fetoprotein level (one), and to determine the 
fetal sex (one). 

The sonographic diagnoses included three infants 
diagnosed as having omphalocele, three diagnosed as 
having gastroschisis, and three in which differentiation 
between the two types of defects was not made. The 
sonographic diagnosis proved accurate for all six ins 
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Table I. Clinical data of infants with prenatal diagnosis and unsuspected defects 


Prenatal Unsusp 
diagnosis defe 





N 9 
Born in tertiary care facility 9 
Vaginal 0 
Cesarean section 

Elective 8 

Emergency l 
Omphalocele 5 
Gastroschisis 4 
Associated major defects 5 


Birth weight (gm) 2063 + 691 
Gestational age (wk) 34.8 + 2.3 
Sex 
Female 7 
Male 2 
Apgar score 
1 min 34 +29 
5 min 44 +33 


fants. In the three undetermined cases, it was found at 
birth that two had omphaloceles and one had a gas- 
troschisis. 

The clinical data for both the diagnosed and unsus- 
pected cases are presented in Table I. Infants with a 
prenatal diagnosis of a ventral wall defect were more 
likely to be born in a tertiary care facility and delivered 
by elective cesarean section. 

All inborn infants with a ventral] wall defect were 
admitted to a neonatal intensive care unit within 1/2 
hour of birth. The age at admission to a neonatal in- 
tensive care unit for the 24 infants with unsuspected 
defects and not born in a tertiary care facility was 
5.9 + 4.2 hours. 

Table II shows the outcome of the two groups. Repair 
was not attempted in 12 infants because of either as- 
sociated anomalies or extreme prematurity. 

The most important findings of the study have to do 
with the mortality rate, particularly mortality associated 
with other major congenital anomalies, birth weight, 
type of defect, and method of delivery. 

The overall mortality of infants with at least one other 
major congenital anomaly was 79% (11 of 14). The 
infants who died with other major congenital anomalies 
included infants with trisomy 13 (one), trisomy 18 
(one), OEIS (omphalocele, exstrophy, imperforate 
anus, spinal defects) complex (one), conjoined twins 
(one), myelomeningocele with hydrocephalus (one), 
and undiagnosed syndromes (six). The three surviving 
infants with other anomalies included infants with te- 
tralogy of Fallot (one), myelomeningocele (one), and 
Beckwith-Wiedemann syndrome (one). ` 

Of infants with at least one other anomaly, antenatal 
diagnosis of the ventral wall defect did not improve 
survival. Of five infants with a prenatal diagnosis of 


ected 
cts 
Ooo» | % | 


38 — 
14 37 <0,001 
25 66 
5 13 <G.001 
8 21 
12 32 
26 68 >0.05 
9 24 >0.05 
2509 + 765 >0.05 
36.6 + 3.8 >0.05 
17 
2] >0.05 
5.4 + 2.8 >0.05 
6.7 + 2.8 >0.05 


ventral wall defect and at least one other major defect, 
four (80%) died, while all four infants with a prenatal 
diagnosis of a ventral wall defect without other defects 
lived. Seven of the nine (78%) infants with unsuspected 
ventral wall defects and at least one other defect died. 

In infants with at least one other major anomaly, 
survival was also not improved by cesarean delivery. Of 
12 such infants born by cesarean section, 10 (83%) died. 
Two infants with other anomalies were born vaginally 
and one died. All nine infants born by cesarean section 
and without other anomalies lived. 

There were four infant deaths not associated with 
other major defects, and in all four cases the defects 
were unsuspected and the infants were delivered vag- 
inally. One infant died of neonatal sepsis, and one died 
from complications of the short gut syndrome. Two 
others were very low birth weight (380 and 820 gm). 

Increased mortality was also associated with very low 
birth weight infants. The mortality of infants weighing 
<1501 gm was 80% (four deaths in five infants). Two 
of these very low birth weight infants had ventral wall 
defects in association with other major defects. Infants 
weighing >1500 gm and having no other major con- 
genital anomalies had a 6% mortality (two of 31). 

The clinical characteristics of infants with the two 
types of defects, gastroschisis and omphalocele, are 
shown in Table III. The occurrence of associated major 
congenital defects was increased in infants with om- 
phaloceles. This may explain the lower Apgar scores, 
increased days of mechanical ventilation, and increased 
mortality of infants with omphalocele. The earlier age 
at repair was less for infants with gastroschisis. This 
was felt to be due to the greater risk of infection and 
fluid loss with gastroschisis. In addition, the increased 
association of other anomalies with omphalocele may 
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Table II. Outcome of infants with prenatal diagnosis and unsuspected defects 


Prenatal Unsuspected 
diagnosis defects p 


No. with surgical répair 5/9, 30/38 >0.05 

Age at surgical repair (hr) 5+4 l0 47 >0.05 

Mechanical ventilation (days) 43 4+7 >0.05 

Bowel resection 0/5 3/30 >0.05 

Length of hospitalization (hr) 46 + 18 37 18 >0.05 
(survivors only) 

Mortality 4/9 (44%) 14/38 (37%) >0.05 


Table III. Characteristics of infants with gastroschisis or omphalocele 








N 30 17 f e 

Vaginal. 2! 70) 4 24 

Cesarean 

Elective 7 29 6 35 <0.01 
Emergency 2 7 7 4i i 
Prenatal diagnosis 4 13 5 30 >0.05 
Born in tertiary care facility 13 43 10 59 >0.05 
Associated major defects 3 10 1] 65 >0.001 
Birth weight (gm) 2443 + 676 2370 + 927 >0.05 
Gestational age (wk) 36.4 + 3.6 30.1 °553,7 >0.05 
Apgar score 
| min ` 6-1 +2.3 3l +28 <0.001 
5 min 7.34 2.4 4.2 + 3.2 <0.001 

Age at admission (hr) 6.5 + 4.7 4.5 % 2.1 >0.05 
(outborn only) 

No. surgically repaired 27 90) 8 47 <0.01 

Surgical repair (hr) 7.6 + 5.5 14.4 + 9.5 <0.01 

Bowel resection | 3 2 LI >0.05 

Ventilation (days) 5.0 + 2.7 8.6 + 11.7 <0.02 

Length of hospitalization 39 + 15 32 + 26 >0.05 

‘(survivors only} (hr) 

Mortality 4/30 13 11/17 65 <0.001 
necessitate a more thorough evaluation before op- reflection of the increased incidence of other major 
eration. anomalies. 

In the United Kingdom, termination of pregnancy 
Comment is carried out in many, if not most, cases of abdominal 
Ventral wall defects, omphalocele and gastroschisis, wall defects because of the high risk of associated anem- 
are relatively common birth defects, occurring in 24 alies and because of uncertainty about the ultimate 
per 100,000 live births.? While between 30% and 70% prognosis.’* However, in the United Kingdom the de- 
of infants with omphalocele have assoctated or concom- fects are usually diagnosed as a result of antenatal a- 
itant anomalies, only 7% to 30% of infants with gas- fetoprotein screening, a practice not routinely obserred 
troschisis have other anomalies.** A previous report in the United States. Thus, in comparison with the Brit- 
from our institution in 1969 reported a mortality rate ish data, the diagnosis was made relatively late in preg- 
of 47% for infants with omphalocele and a mortality nancy in seven of our nine cases. 
rate of 40% for infants with gastroschisis.' The mor- Ideally, the prenatal diagnosis will aid in determin.ng 
tality. rate of infants with gastroschisis at our institution the most appropriate timing, place, and method of de- 
has decreased to 13% as of this report, while the mor- livery,! and suitable medical and surgical arrangements 
tality associated with omphalocele has not changed sub- can be made for prompt correction of the defect. In , 
stantially. The decrease in mortality of infants with gas- the current study all infants with prenatal ultrasono- 
troschisis most likely reflects improvements in obstetric, graphic diagnosis were born at a tertiary care facclity 
neonatal, and surgical management, while the mortality by cesarean delivery. Theoretically, this procedure min- 
rate for infants with omphalocele remains relatively imizes trauma and the risk of infection to the defect, 


unchanged since mortality with omphalccele is a direct thereby increasing chances for survival. Elective cesar. 
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ean delivery at a tertiary care center led to prompt 
surgical correction of the defect in five of the nine 
infants. Four others had associated major anomalies 
and surgical repair was not attempted. Infants without 
prenatal diagnosis were more likely to-be products of 
vaginal deliveries putside a tertiary care facility. In ad- 

dition, surgical correction of the defect occurred later, 
albeit without statistical significance, in infants without 
prenatal diagnosis. 

In previous reported cases of prenatal diagnosis of 
ventral wall defects, an elective cesarean delivery has 
usually been chosen as the preferred method of deliv- 
ery." Unfortunately, scientific evidence of improved 
outcome -associated with cesarean delivery has been 
lacking and two authors have questioned the practice: 
Davidson et al.'® suggested that the outcome of vagi- 
nally delivered infants with a prenatal diagnosis of ven- 
tral wall defect was “acceptable.” However, this sug- 
gestion must be taken in light of the fact that, in their 
report, only two infants with a prenatal diagnosis were 
delivered vaginally and both died. Kirk and Wah“ also 
questioned the benefit of elective cesarean section on 
the basis of a review of cases-of which the vast majority 
had unsuspected. defects.-All obstetric management de- 
cisions were made without the knowledge of the defect, 
and thus most cesarean sections were perfor med for 
emergency indications. Infants born by cesarean sec- 
tion did not therefore receive the benefits of prenatal 
diagnosis documented in our. study—elective cesarean 
delivery at a tertiary care facility with medical and sur- 
gical preparation followed by prompt surgical repair. 

We conclude tha: prenatal ultrasound was a useful 
method of diagnosing-ventral abdominal wall defects. 
The results of the study, however, have led us to ques- 
tion the usual procedure wherein prenatal diagnosis of 
a ventral wall defect is invariably followed by cesarean 
delivery. When. the ventral wall defect was associated 
with another major anomaly or was present in a very 
low birth weight fetus, the outcome was poor regardless 
of the method of delivery. Cesarean. delivery may not 
be justifiable for those infants. When no other anomaly 
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was present and the infant weighed >1500 gm, pre- 
natal diagnosis was followed by cesarean delivery at a 


. tertiary care facility and was associated with prompt 


surgical correction and low mortality. 
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Antenatal diagnosis of fetal seizure activity with use of real- 


time ultrasound 


Wayne B. Conover, M.D., Robert L. Yarwood, M.D., Mark D. Peacock, M.D., and 


Barbara A. Thomas 


Portsmouth, Virginia 


Neonatal seizures have been observed as early as the first hour of life. It has been postulated that for 
certain central nervous system disorders, seizure activity may occur in utero. This report describes two 
cases of spontaneous fetal seizure activity diagnosed by real-time ultrasound. (AM J OBSTET GYNECOL 


1986;155:846-7.) 


Key words: Fetal seizures, ultrasound diagnosis 


Seizures have been reported to occur in 0.5% of all 
newborn infants and in up to 20% of those admitted 
to neonatal intensive care units.” Although the time 
of onset of the first seizure varies with the etiology, over 
40% begin in the first 24 hours of life.” It has been 
suggested that maternal descriptions of intense fetal 
activity before the birth of some of these infants may 
in fact represent in utero seizures, but to date no re- 
ports documenting spontaneous fetal seizure activity 
exist. This report describes two cases of antenatal sei- 
zures recorded by real-time ultrasound. 


Case reports 


Case 1. A 36-year-old woman, gravida 8, para 5, at 
36 weeks’ gestation was referred for an ultrasound ex- 
amination with a clinical diagnosis of polyhydramnios. 
During the course of the 45-minute examination it was 
noted that the fetus exhibited recurrent episodes of 
rapid, jerking motion of the head and all four extrem- 
ities, in unison, which lasted from 5 to 10 seconds. 
These episodes would repeat spontaneously every 20 
to 30 seconds for a period of 3 to 5 minutes followed 
by an interval of from 5 to 10 minutes during which 
no fetal movement was observed. The entire sequence 
would then repeat itself. No anatomic abnormalities 
were noted. The patient reported that she had expe- 
rienced episodes “like the baby was having fits” from 
about the twenty-fifth week of gestation. Her prenatal 
course and family history were otherwise noncontri- 
butory. 

After a failed biophysical assessment, during which 
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the only normal parameter was adequate amnionic 
fluid volume (for a score of 2 out of a possible 10 
points), the deciston was made to induce labor. Shortly 


_ after the start of oxytocin administration, the fetus ex- 


perienced an episode of persistent bradycardia unre- 
sponsive to the usual therapies. An emergency cesarean 
section was performed, which produced a 2080 gm 
male infant with Apgar scores of | and 5 and a cord 
pH. of 7.21. The infant was noted to have grand mal 
seizure activity while being removed from the uterine 
incision. 

Pediatric examination revealed multiple anomalies 
including narrow palpebral fissures, hypertelorism, cli- 
nodactyly, bilateral transverse palmar creases, hypo- 
spadius, and micropenis. Despite aggressive therapeu- 
tic measures, generalized clonic seizure activity per- 
sisted and the infant expired.on the third day of life. 
A thorough evaluation for anatomic and metabolic ab- 
normalities was nonproductive. Chromosomes studies 
revealed a normal 46,XY male karyotype. The parents 
elected not to allow an autopsy. | 

Case 2. A 27-year-old woman, gravida 2, para 1, was 
referred to the high-risk obstetrics service at 30 weeks’ 
gestation with a provisional diagnosis of hydrocephaly. 
Her prenatal course had been otherwise unremarkable 
except for a 2-week history of rapid fetal movements. 
A level II ultrasound examination revealed polyhy- 
dramnios and hydranencephaly, During the course of 
the examination, the fetus demonstrated multiple ep- 
isodes of rapid, jerking motions of the upper extrem- 
ities and head similar to the previous case. | 

After discussion with the parents, a pediatric neu- 
rologist, and the human ethics committee, a decision 
was made to terminate the pregnancy. Following pros- 
taglandin induction of labor, the patient spontaneously 
delivered a stillborn male fetus. Autopsy confirmed the 
diagnosis of hydranencephaly. | 


Comment 


The development of seizures in the neonatal period 
is the hallmark of an underlying structural or metabolic 
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abnormality affecting the central nervous system. Sei- 
zures commencing shortly after birth may result from 
perinatal asphyxia, intracranial bleeding, metabolic ab- 
normalities, central nervous system trauma, malfor- 
mations of the cortex, congenital infections, and oc- 
casionally maternal drug withdrawal.’ It is possible that 
some of the same conditions leading to newborn sei- 
zures may also be responsible for seizure activity 
in utero. Although metabolic and traumatic etiologies 
are unlikely to be major factors before birth, asphyxia, 
infection, drugs, and developmental defects should all 
be considered. 

Evaluation of the fetus with seizures is obviously quite 
restricted. A history of previous children with neuro- 
logic abnormalities, maternal drug usage, or a history 
consistent with TORCH syndrome (toxoplasmosis, ru- 
bella, cytomegalic inclusion disease, and herpes sim- 
plex) during the gestation should be investigated. Phys- 
ical examination is limited to ultrasonic visualization of 
the various fetal organ systems looking for evidence of 
a central nervous system malformation or hepato- 
splenomegaly. Biophysical evaluation by ultrasound or 
fetal cardiac monitoring should be performed to assist 
in identifying the abnormal fetus. Although case 2 had 
an obvious etiology for the seizure disorder (hydran- 
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encephaly), no abnormalities could be detected in case 
1, making the most probable etiology either an ultra- 
sonically undetectable malformation of the central ner- 
vous system or prior hypoxic insult. 

The prognosis for infants with neonatal seizures is 
related to the underlying etiology. Reports indicate that 
15% of infants with seizures die and 35% of the sur- 
vivors demonstrate permanent handicap3.* The worst 
prognosis is for those with seizures within the first day 
of life, during which a third die and 50% of the sur- 
vivors are classified as abnormal at | year of age.' The 
poorest outcomes are associated with conditions that 
might also lead to fetal seizures such as asphyxia, in- 
fection, and developmental ancmalies. 
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Stimulation of human fetuses with sound and vibration 


Robert Gagnon, M.D., John Patrick, M.D., John Foreman, Ph.Eng., and Robert West 


London, Ontario, Canada 


Forty pregnant women between 30 and 42 weaks’ gestational age were studied to examine the effects of 
external sound and vibration on the fetal heart rate. A significant increase in the mean duration and 
amplitude of the first acceleration after sound stimulus was found when these values were compared with 
the control values. Conversely the mean time io the first acceleration in the contro! period was greater 
than that in the stimulated period. There was a significant increase in the mean duration of fetal heart rate 
accelerations, the mean amplitude of fetal heart rate accelerations, and the total time spent in 
accelerations up to 15 minutes after the sound stimulus as compared with the control period. There was 
no change in the number of accelerations follawing the sound stimulus compared to control. These data 
suggest that vibratory acoustic stimuli may influence patterns of fetal heart rate during human pregnancy. 


(AM J OssTeT GYNECOL 1986;155:848-51.) 


Key words: Nonstress test, acoustic stimulation test, effects of sound and vibration on FHR 


Antepartum fetal heart rate (FHR) testing,’* mea- 
surement of fetal movements,' and fetal breathing 
activity’ have been suggested as methods for assessing 
fetal health. The reactive nonstress test is a reliable 
indicator of fetal health although healthy human fe- 
tuses may take as long as 80 minutes to demonstrate 
activity.” This observation led some observers to insist 
that a nonreactive test be defined as a period of absence 
of fetal activity for at least 80 to 120 minutes.“ 

It has been suggested that external sound stimulation 


will lead to an increase in the reactivity of fetuses.” 


However, the development of a new clinical test to as- 
sess fetal health by external sound stimulation will de- 
pend on a thorough understanding of the FHR re- 
sponse. The purpose of this study was to examine the 
effects of a standardized extérnal sound stimulus on 
the human FHR pattern. 


Patients and methods 


Patients. Informed consent was obtained from 40 
pregnant women between 30 and 42 weeks’ gestational 
age with indications for a nonstress test. Table I illus- 
trates indications for testing. Six tests were performed 
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between 30 and 32 weeks’ gestational age, 12 between 
33 and 36 weeks, and 22 between 37 and 42 weeks. 
Fetal outcome confirmed gestational age. The average 
weight of fetuses at delivery was 3320 gm (range 1930 
to 4400 gm). The average 5-minute Apgar score was 
9; two neonates with congenital anomalies had 5-min- 
ute Apgar scores <7. Umbilical cord arterial blood gas 
values were determined at delivery in 24 of the fetuses. 
The average umbilical arterial PO, was 18.4 mm Hg, 
Pco, was 46 mm Hg, and pH was 7.27. Two neonatal 
deaths occurred: one in a 32-week neonate with com- 
plex cardiac anomalies and esophageal atresia at au- 
topsy and the other in a 32-week neonate with prune- 
belly syndrome, urethral atresia, and diffuse subarach- 
noid hemorrhage. 

Twelve patients were delivered by cesarean section: 
six because of cephalopelvic disproportion, four be- 
cause of placenta previa, and one in an elderly pri- 
miparous patient. 

Experimental design. The external vibratory acous- 
tic stimulus used in this study was generated with a 
Model 5C electronic artificial larynx (Western Electric, 
New York, New York, courtesy of Mr. John Kasper, 
Corometrics Medical Systems). The device produced a 
form of white noise between 10 and 10,000 Hz as mea- 
sured in air at 1 cm from the generating source by a 
real-time spectrum analyzer (Brtiel and Kjaer digital 
frequency analyzer, Type 2131). Maximum sound pres- 
sure level was 110 dB at 10,000 Hz (Fig. 1). The surface 
of the instrument vibrated at all frequencies between 
10 and 20,000 Hz and maximum vibration occurred 
at 450 Hz (measurements made on the surface of the 
source with a Fotonic sensor, MTI Instruments Divi- 
sion, Fig. 2). 

Patients were studied continuously for a 30-minute 
period, and studies began between 9:00 am and 4:30 
PM. External sound stimulation was performed during 
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Table I. Primary indications for testing in 40 patients 
Primary indication for testing 


Pregnancy-induced hypertension 
Postmaturity 

Third-trimester bleeding 

Premature rupture of membranes 
Suspected intrauterine growth retardation 
Decreased fetal movements 

Other 


Table Il. First acceleration after sound stimulus 


Control 


No. of patients 
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% of Tests 

10 25 

8 20 

6 15 

3 7.5 

2 5 

2 5 

9 22.3 


Stimulus 


No. S7 
Time to first accelera- 119 + 22 
tion (sec) 
Duration (sec) 5527 
Amplitude (bpm) 26 + | 
Fetal movements (No.) 2° 03 
*p < 0.001. 
tp < 0.05. 


a 5-second period with the electronic artificial larynx 
by the same investigator. Maternal blood pressure and 
heart rate were determined at the start and at the end 
of each study and no change was found. The transducer 
of a Hewlett-Packard Model 8040A cardiotocograph 
was placed near the fetal shoulder for optimal heart 
rate recording and chart speed was 3 cm/min. At 10 
and 20 minutes, the electronic artificial larynx was 
placed on the surface of the maternal abdomen over 
the fetal head. Each fetus received one sound stimulus 
at either 10 or 20 minutes and the order of application 
of the stimulus was randomized. 

All patients had been acclimatized by listening to the 
stimulus in air before the beginning of studies. Patients 
were informed that the sound stimulus might or might 
not be activated during the two times that the instru- 
ment was placed on the abdomen. There were 21 stud- 
ies performed with the sound stimulus at 10 minutes 
and 19 studies performed with the sound stimulus at 
20 minutes. The time at which the instrument was ap- 
plied but no sound was administered was considered 
the control period. 

Data analysis. The baseline was determined visually 
from the chart recording during tne 5 minutes before 
and after the stimulus or control and no change was 
noted. Accelerations of the FHR were defined as times 
when the heart rate increased by =15 bpm for 215 
seconds above the baseline and were included in the 
interval where they commenced for the purposes of 
analysis. 

The first acceleration occuring after the stimulus or 
control was analyzed for interval of the stimulus to the 
beginning of the first acceleration (seconds), duration 


40 
0-466 II £ 4* 0-134 
17-213 213 235" 5-903 
15-46 30 2 15-69 
0-7 17 + 8f 0-280 


(seconds), amplitude (beats per minute), and results are 
presented as means + SEM. Fig. 3 demonstrates a typ- 
ical example of the FHR response to external vibratory 
acoustic stimulus with the electronic artificial larynx. 
All other data were analyzed in 5-minute intervals 
before and after either sound stimulus or control ob- 


~ servation. Statistical significance was determined by use 


of a t test for sampling with variances not assumed to 
be equal as described by Bailey." 


Results 


First acceleration after stimulation. There was a sig- 
nificant response to the vibratory acoustic stimulus in 
all but one of the 40 fetuses. In order to examine 
whether the fetal response to sound stimuli was influ- 
enced by the order of the stimulus, we analyzed the 21 
fetuses that had received a sound stimulus at 10 minutes 
and the 19 fetuses that had received a sound stimulus 
at 20 minutes. There was no effect of the order of the 
stimulus on the time to the first acceleration or on the 
duration or amplitude of the first acceleration. 

The mean interval of the stimulus to the first accel- 
eration (seconds), duration (seconds), amplitude (beats 
per minute), and the number of fetal movements per- 
ceived by the mother during the first acceleration after 
stimulus are summarized in Table II. 

Characteristics of FHR response. Data were ana- 
lyzed in 5-minute intervals before and after either 
sound stimulus or control observation. There was a 
significant increase (p < 0.001) in the total time during 
which accelerations occurred after sound stimulus re- 
gardless of the order of the stimulus. Moreover, in the 
group that received sound stimulus at 10 minutes, the 
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Fig. 1. Relationship between absolute sound pressure level 
(decibels) and frequency of sound (hertz) produced by the 
electronic artificial larynx. The sound pressure level is pro- 
portional to the logarithm of frequencies of sound, which 
indicates a type of white noise. 
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Fig. 2. Relationship between the amplitude of vibration (deci- 
bels) and frequency of vibration (hertz) produced by the elec- 


tronic artificial larynx. The surface vibrated at all frequencies 
between 1C and 20,000 Hz and there was a peak at 450 Hz. 
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Fig. 3. A typical example of an increase in FHR after the application of a 5-second vibratory acoustic 


stimulus ($) with the artificial larynx. 


total time spent in acceleration had not returned to 
control levels by 15 minutes after stimulus, This sug- 
gested that a slight but significant increase had occurred 
for at least 15 minutes after the stimulus. 

The mean duration of the FHR accelerations was 
increased significantly (p < 0.001) in both groups re- 
gardless of the order of stimulus. The mean duration 
of FHR accelerations remained elevated above control 
for 15 minutes after stimulus (p < 0.05). This sug- 
gested a prolonged effect on the mean duration of 
accelerations until 15 minutes after the stimulus. 

The mean amplitude of FHR accelerations was sig- 
nificantly increased after sound stimulus at 10 minutes 
(p < 0.001) and at 20 minutes (p < 0.01). Analysis of 
the 21 fetuses that received the sound stimulus at 10 
minutes demonstrated that the mean amplitude of 
FHR accelerations had not returned to baseline for the 
15 minutes (p < 0.05) after the sound stimulus. It was 
. important that there was no difference in the number 
of accelerations that occurred after the control or sound 
sumulus. 


Comment 

The results indicated that the pattern of FHR accel- 
erations and body movements after application of a 
vibratory acoustic stimulus on the surface of the ma- 


ternal abdomen was significantly altered up to 15 min- 
utes after the application of the stimulus. In 1964, Jo- 
hansson et al. found a significant increase in FHR 
after the application, on the surface of the maternal 
abdomen, of 3000 Hz stimuli and a sound pressure 
level of 110 dB for 1 second. This effect on FHR has 
been noted by many authors™'® 1! since that time but 
has not been analyzed systematically. 

It is not yet clear whether the stimulus influences 
human fetuses by auditory or vibrational pathways. By 
about tke twenty-fourth week of intrauterine life the 
cochlea and the sensory end organs have reached their 
normal development.'® Leader et al.” have reported 
increased fetal movements after external stimuli with 
a vibrat:ng electrical toothbrush as early as 22 weeks’ 
gestational age. A vital part of hearing is the ability of 
the tympanic membrane to transmit auditory waves to 
the bones of the middle ear. In utero, the middle ear 
and external canals are filled with fluid, which would 
tend to dampen the frequency response of the tym- 
panic membrane and ossicles and this may prevent the 
middle ear from impedance matching. Therefore fe- 
tuses probably require very high sound pressure levels 
to be able to detect sound. Walker et al.'® inserted mi- 
crophones inside the uterus in pregnant women during 
labor and measured sound pressure levels before and 
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after application of sound at different intensities and 
frequencies. They measured intrauterine sound pres- 
sure levels of 82 dB as background noise produced by 
turbulent blood dow and muscle movement. They also 
demonstrated a jarge attenuation of sound by the ma- 
ternal abdominal and uterine walls.'® From their data, 
sound pressure is attenuated by at least 40 dB at fre- 
quencies of more than 1000 Hz. In our study, as dem- 
onstrated in Fig. 1, the peak sound pressure level oc- 
curred at 10,000 Hz and was 110 dB. Therefore the 
peak sound pressure level applied during our study, 
after attenuation by maternal tissues, would not have 
exceeded the sound pressure of background noise in 
the uterus. This suggests that the fetus might not be 
able to hear the sound stimulus. For these reasons, we 
hypothesize that the stimulus was acting through vi- 
brational pathways. Moreover, Grimwade et al.,’ using 
a pure intrauterine vibrational stimulus, measured an 
increase in FHR in 73% of cases compared with 33% 
with a pure sound intrauterine stimulus. In adult hu- 
mans exposed’ to whole-body vibration, an increase in 
heart rate during the first 90 seconds of vibration has 
been reported.” 

While there is no doubt the vibratory acoustic stim- 
ulus reproducibly causes changes in the FHR, it is pre- 
mature to assume this is a sign of fetal health. It will 
be important to determine whether fetal accelerations 
and movements resulting from vibratory acoustic stim- 
uli are mediated by different pathways than normal 
accelerations, which are associated with fetal health. 
Indeed it is possible that unhealthy fetuses might dem- 
onstrate a response similar to that of healthy fetuses. 
In this study, two neonatal deaths occurred in the pres- 
ence of major anomalies. During antenatal testing, the 


response of both fetuses was the same as that of healthy. 


fetuses. 

It is not yet possible to determine the safety of vi- 
bratory acoustic stimulation. No one has carefully eval- 
uated the influence of repetitive sound stimulation 
from an extrauterine or intrauterine source on fetal 
auditory development. There is only one study with 
follow-up evaluation of subjects who were exposed in 
utero to sound stimulation with an intensity of 110 dB 
at frequencies ranging between 10 and 5000 Hz, and 
no hearing deficits were measured.'' In view of the fact 
that there is considerable attenuation of sound pressure 
levels in maternal tissues, it is highly unlikely that the 
sound levels and frequencies used in this study could 
be harmful to the fetus. 

These data demonstrated that the pattern of FHR 
accelerations and body movements after application of 
vibratory acoustic stimuli to the maternal abdomen 
were significantly altered. The change in the FHR was 
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immediate and persisted up to 15 minates after the 


stimulus. However, great caution needs to be taken be- 


fore clinical application of the electronic artificial larynx 
is recommended. The device should remain a research 
tool until the safety, effects of gestational age on the 
response, and clinical research evidence of negative and 
positive predictive value for fetal outcome are clearly 
documented. 
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Myosin detection in human myometrium with a 


monoclonal antibody 


Sylvie F. Neveu, M.D., Jocelyne Leger, Ph.D., Françoise Pons, Ph.D., 


Jean-Louis Viala, M.D., and Jean J. Leger, Ph.D. 
M ontpellier, France 


A monoclonal antibody was prepared from a mouse immunized with human gravid uterine myosin. This 
monoclona! antibody is specific for the myosin heavy chains of human smooth muscle as determined by 
radioimmunoassay and immunoblotting experiments. Frozen cryostat sections isclated from different 
uterine regions were studied by immunofluorescence in order to detect myosin distribution within cells of 
nongravid, gravid, and pathologic human uteri. Myosin was detectable in the cytoplasm of all uterine 
muscle cells. No fiber heterogeneity with regard to myosin distribution was detec:ed among or within 

the different uterine regions, regardless of which physiologic or pathophysiologic situation was studied. A 
large increase in the cell size was observed during pregnancy. These preliminary observations suggest the 
value of further production of monoclonal antibodies specific for the different putative molecular variants of 
uterine myosin and their potential use in identifying individual cells containing different myosin variants. 


(AM J OBSTET GYNECOL 1986;155:852-7.) 


Key words: Human, hybridoma, myosin, myometria, immunofluorescence 


Myosin is one of the main protein components in the 
human uterus as well as in many other smooth muscles. 
Itis a hexameric enzyme composed of two heavy chains 
(200 kDa) and two pairs of light chains (17 and’ 20 
kDa).'° The myosin molecule plays a central part in 
muscle contractility because of its adenosine triphos- 
phatase activity and its ability to bind actin reversibly 
and to be assembled in filaments. 

- The biochemical studies in the literature say little 
concerning the local distribution of myosin among the 
cells of intact smooth muscle tissues. In recent work 
with use of polyclonal antibodies raised against human 
uterine myosin, Longtine et al.° have shown how an 
indirect immunohistochemical technique can be used 
to detect smooth muscle myosin within different hu- 
man smooth tissues. 

Our study was designed to investigate whether a 
monoclonal antibody prepared from human uterine 
myosin could also be used in the same immunchisto- 
chemical approach to detect smooth muscle myosin 
within human uteri in different physiologic or patho- 
physiologic situations. 
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Material and methods 


Myometria. Samples of myometrium from different 
regions (cervix, fundus, horns, etc.) of nongravid hu- 
man uteri were obtained from surgical specimens im- 
mediately after hysterectomy for benign uterine dis- 
eases (myoma, hypovascularized uteri,’ etc.). Samples 
of myometrium from gravid human uteri were ob- 
tained from biopsies either of the upper part of the 
cervix during cesarean section or of different uterine 
regions after hysterectomy for hemostasis. All tissues 
were examined histologically to check morphologic fea- 
tures before being frozen in liquid nitrogen and stored 
at — 80° C. 

Preparation of myosin. A stock myosin solution for 
mouse immunization and monoclonal antibody screen- 
ing was prepared from the whole gravid uterus of a 
32-year-old woman, who was hysterectomized at term 
because of uterine rupture.’ | 

Monoclonal antibodies. Mice (Biozzi HR strain) were 
immunized with uterine myosin from the stock solution 
previously denatured with 2% sodium dodecyl sulfate. 
The immunization protocols and procedures for pre- 
paring and screening antimyosin hybridoma cell lines 
have been described elsewhere.*"’ Hybridoma super- 
natants were concentrated by ammonium sulfate pre- 
cipitation before immunofluorescence studies. The 
specificity of the antibody to the myosin heavy chains 
was tested according to immunoblotting experiments 
made with pure myosin samples and revealed with use 
of a rabbit antimouse immunoglobulin G coupled with 
peroxidase.” . | 

Histologic techniques. The myosin distribtuiog 
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Fig. 1. Comparative specificities of the antiuterine myosin monoclonal antibody 1F9 for human 
uterine myosin (4) and cardiac myosin (@) based on radioimmunoassay experiments. 


within uterine 6 pm cryostat sections was studied by 
indirect immunofluorescence staining." The uterine 
sections were then processed with fluorescein isothio- 
cyanate-conjugated rabbit antimouse immunoglobu- 
lins, specially prepared to avoid nonspecific cross-re- 
actions with human tissues (Nordic Immunologic Lab- 
oratories). Some adjacent serial cryostat tissue sections 
were stained, either with Evans blue stain for connective 
tissue detection or with hematoxylin-eosin stain for nu- 
cleus detection. 


Results 


One stable clone of hybrid cells secreting highly re- 
active antimyosin antibodies (called 1F9) was selected 
for analyzing myosin in different human uterine spec- 
imens. According to a direct solid-phase radioimmu- 
noassay,™ monoclonal antibody 1 F9 selectively reacted 
with uterine myosin but not with any other striated 
muscle myosin (Fig. 1). This monoclonal antibody re- 
acted only with the myosin heavy chains and not with 
the myosin light chains as determined by the immune 
replicate technique (Fig. 2). The immunohistochemical 
study using this antibody revealed that 100% of the 
fibers present in cryostat sections of a fundus fragment 
from a normal uterus were strongly and uniformly 
stained (Fig. 3, A). The fluorescence staining was lo- 
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Fig. 2. Sodium dodecyl sulfate polyacrylamide gel electro- 
phoresis of uterine myosin detected by Coomassie blue (a) and 
corresponding immunoreplicate reacting with the 1F9 mono- 
clonal antibody and revealed with use of rabbit antimouse 
immunoglobulin G coupled with peroxidase (b). 
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Fig. 3. Six um cryostat sections of frozen myometrium from normal uteri processed for indirect 
immunofluorescence with the antiuterine myosin monoclonal antibody 1F9 at two different mag- 
nifications. A at X 150 and B at X750. In C a slight fluorescence staining around the vessel walls 
can be seen on a myometrium section treated directly with the fluorescein-conjugated antimouse 


antibody without the monoclonal antibody. 


cated in the cytoplasm of each muscle cell. The nuclei 
‘remained unstained as verified by hematoxylin-eosin 
staining at a higher magnification (Fig. 3, B). Staining 
was totally absent in controls treated with concentrated 
nonimmune culture medium and labeled with anti- 
mouse immunoglobulins, except on the few vessel walls 
present (Fig. 3, C). Fig. 4 compares the immunofluo- 
rescence patterns of cryostat sections obtained from the 
fundus region of nongravid uteri with those obtained 
from the fundus and cervical regions of gravid uteri. 
The muscle cells in the gravid uteri were approximately 
three to five times larger than those observed in the 
nongravid uteri (Fig. 4, A and B).'*'* The size and the 
density of the cells did not differ between the various 
regions of the gravid uteri (Fig. 4, B and C). Under the 


same experimental conditions, the same amounts of 
reacting cells were observed in different regions ex- 
amined in nongravid or gravid uteri. The amounts of 
fluorescent cells clearly differed between the fundus 
and the cervical regions only if the cryostat sections 
were simultaneously treated for immunofluorescence 
and with Evans blue stain (not shown). In other ex- 
periments comparing cryostat sections obtained from 
the fundus regions of nongravid and hypovascularized 
uteri (detected by hysterophlebography"'), the latter 
muscle cells appeared to be bigger than the cells of the 
nongravid uteri but smaller than those of the gravid 
uteri (Fig. 5). The amounts of fluorescent cells were 
apparently the same as those observed in nongravid 
uteri. $ 
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Fig. 4. Six um cryostat sections of frozen myometrium from the fundal region in a nongravid uterus 
(A) and the fundal and cervical regions in a term gravid uterus (B and C, respectively) at the same 


magnification. (X 150.) 


Comment 


The present study indicates that monoclonal anti- 
bodies raised against one of the main uterine protein 
components, the myosin molecule, could be powerful 
tools for studying the physiologic or pathophysiologic 
changes within human uteri at the cytoplasmic level. 
This experimental procedure can be used with one an- 
timyosin monoclonal antibody to observe, for example, 
how uterine fibers increase in size, especially during 
pregnancy and more moderately and variably as a re- 
sult of tissue hypovascularization.” '' These changes, 
which are a consequence of increased protein synthesis, 
at least during pregnancy, do not, however, lead to any 
detectable immunohistochemical heterogeneity in the 
cells. In spite of large differences between the amounts 
of connective tissue in the fundal and cervical uterine 
regions, there was surprisingly no difference between 


their immunoreactivities for the single antimyosin 


monoclonal antibody in nongravid, gravid, or hypo- 


vascularizated uteri. As suggested in the experiments 
simultaneously using the antimyosin monoclonal anti- 
body and Evans blue stain, the large amount of con- 
nective tissue partially prevented a fine analysis of the 
myosin distribution within the uteri. 

This study, involving only one antimyosin mono- 
clonal antibody, extends the few immunohistochemical 
studies previously done with polyclonal antimyosin an- 
tibodies in different uterine specimens.” " The obser- 
vation of an absence of fiber heterogenity within non- 
gravid, gravid, and hypovascularized uteri, whatever 
the region studied, must be considered as preliminary. 
It suggests either that only a single uterine myosin exists 
or that single antimyosin monoclonal antibodies used 
have reacted in the same way with all types of uterine 
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Fig. 5. Six pm cryostat sections of frozen myometrium from the fundal region in a nongravid uterus 
(A), a hypovascularized uterus (B), and a term gravid uterus (C) at the same magnification. (X 150.) 


myosin present. It should be noted, however, that re- 
cent experiments analyzing native forms of myosin 
from different smooth muscles indicate the presence 
of at least two different myosin isoforms with different 
heavy chains.’ Thus with use of the immunofluorescent 
technique developed here, it would be quite interesting 
to prepare monoclonal antibodies specific for each my- 
osin heavy chain and to study their spatial distribution 
within the uteri. 


We are grateful to Dr. Francoise Cavaillé for the kind 
gift of uterine myosin. We also thank Drs. B. Pau and 
Richet for valuable discussion and assistance in intro- 
ducing us to hybridoma technology. 
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Danazol binds to progesterone receptors and inhibits the 
growth of human endometrial cancer cells in vitro 


Hiromasa Ikegami, M.D., Naoki Terakawa, M.D., [kuya Shimizu, M.D., Hideo Kano, M.D., 
Yoshiaki Tanaka, M.D., Toshihiro Aono, M.D., Osamu Tanizawa, M.D., and 


Keishi Matsumoto, M.D. 
Osaka, Japan 


Based on our recent findings that danazol, an isoxazol derivative of ethinyitestosterone, has a profound 
growth-inhibitory effect on an established human endometrial adenocarcinoma cell line, the effects of 
danazol on cancer cells from human endometrial adenocarcinomas obtained by hysterectomy were 
investigated in the present study. Of the 22 uterine adenocarcinomas, estrogen, progesterone, and 
androgen receptors were found in 12, 14, and 4 tumors, respectively. Competitive binding studies showed 
that danazol specifically binds to progesterone and androgen receptors but not to estrogen receptors. Of 
the five cancer cells from five patients succeeded in primary cell culture, a marked inhibition of cell growth 
was demonstrated by addition of danazol in two cancer cells having progesterone but not androgen 
receptors. However, danazol did not affect the growth of the remaining three cancer cells lacking 
progesterone receptors. These results strongly suggest that danazol has a significant growth-inhibitory 
effect on human endometrial adenocarcinoma cells, possikly through progesterone receptors in the cells. 


(Am J Osstet GYNECOL 1986;155:857-61.) 


Key words: Danazol, progesterone receptors, endometrial cancer 


Danazol, an isoxazol derivative of 17a-ethinyltestos- 
terone, has been used extensively in the treatment of 
endometriosis and benign breast diseases. The action 
of danazol on these diseases has been suggested to be 
mainly attributed to the suppression of gonadal func- 
tion, caused by either its antigonadotropic nature or 
inhibition of gonadal steroidogenic enzymes.''* How- 
ever, the mode of action of danazol is not fully under- 
stood. The pharmacologic action of this drug is also 
considered complex, since several studies with animal 
tissues’ and the human uterus”? have demonstrated 
that danazol binds to multiple classes of steroid recep- 
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tors and behaves as an androgen, glucocorticoid, or 
progestin. A clinical study showed that danazol binds 
to progesterone receptors and changes progestin-de- 
pendent estradiol-176-dehydrogenase activity in hu- 
man endometrium,” suggesting a local progestin activ- 
ity of danazol. Furthermore, short-term treatment with 
danazol induced atrophic changes tn both endome- 
triotic tissue and uterine endometrium without a de- 
crease in the level of serum estradiol-178.'' These re- 
sults imply that danazol probably acts directly on the 
human endometrium, in addition to suppressing go- 
nadal function. We recently demonstrated the growth- 
inhibitory effect of progestin on a human endometrial 
cancer cell line derived from human endometrial ad- 
enocarcinoma. In the cell line, danazol effectively binds 
to progesterone receptors and inhibris the growth of 
the cells in culture (unpublished datai. In the present 
study, therefore, human endometrial cancer tissues ob- 
tained by hysterectomy were used to determine how 
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danazol interacts with steroid receptors in endometrial 
cancer cells and whether danazol has an inhibitory ef- 
fect on the growth of cancer cells in a primary‘culture 
system. 


Material and methods 


Subjects. Tumor specimens were obtained at hyster- 
ectomy from 22 patients with primary endometrial car- 
cinoma previously not treated with any radiotherapy, 
chemotherapy, or hormone therapy. In every case, the 
specimen was divided into two identical parts: one for 
steroid receptor assays and the other for histopatho- 
logic examination. In some cases a part of the specimen 
was also used to examine the growth of cells in primary 
culture. The specimens for receptor assays were im- 
mediately stored at — 80° C, and the assays were per- 
formed within a week. All specimens were graded his- 
tologically. Tumors with well-differentiated cells and 
gland structure were grade 1. Tumors without pre- 
served gland structure having large nuclei arranged in 
diffuse sheets with bizarre cells were grade 3. Grade 2 
tumors were intermediate between these two grades. 

Steroid receptor assays. All procedures were carried 
out at 0° to 4° C. After rapid thawing, tumor tissues 
without blood clots and mucus were homogenized in 


four to 10 volumes of phosphate buffer (5 mmol/L of 


sodium phosphate, 5 mmol/L of mercaptoethanol, 3 
mmol/L of rnagnesium chloride, 10 mmol/L of sodium 
molybdate, and 20% glycerol, pH 8.0). The homoge- 
nate was centrifuged in a Hitachi RPS 65 rotor (Hitachi 
Sales Corp., Tokyo, Japan) at 105,000 x g for 60 min- 
utes to obtain cytosol (1.5 to 6.0 mg/ml of protein). For 
determination of estrogen, progesterone, or androgen 
receptors, 0.2 ml aliquots of the cytosol preparation 
were incubated for 16 hours with various concentra- 
tions (0.3 to 10 nmol/L, six concentrations) of tri- 
tiated estradiol-178 (101 Ci/mmol; New England Nu- 
clear, Boston, Massachusetts), tritiated promegestone 
(R5020, 77 Ci/mmol; New England Nuclear), or triti- 
ated methyltrienolone (R1881, 87 Ci/mmol; New Eng- 
land Nuclear). A 200-fold excess of testosterone, cor- 
tisol, or triamcinolone acetonide was also included in 
the incubation mixtures for estrogen, progesterone, 
or androgen receptor assay, respectively. Nonspecific 
binding was determined by parallel incubations with 
tritiated estradiol-17£, tritiated promegestone, or tri- 
tiated methyltrienolone in the presence of a 200-fold 
excess of diethylstilbestrol, promegestone, or methyl- 
trienolone, respectively, in a final volume of 0.25 ml. 
After incubation, 25 ul of 2.5% charcoal/0.025% dex- 
tran solution was added, and the mixtures were incu- 
bated for 15 minutes. The charcoal was removed by 
centrifugation, and 0.1] ml aliquots of the supernatant 
were counted. On some occasions the amounts of en- 
dometrial cancer tissue were not available for this mul- 
tiple-concentration assay, so a single-concentration as- 
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say in duplicate with the use of a saturating concentra- 
tion of tritiated ligand (10 nmol/L) was performed. For 
determination of estrogen receptors in tumors obtained 
from patients with a menstrual cycle at the time of 
surgery, the cytosol pretreated with charcoal/dextran 
solution to remove unbound steroids was incubated 
with tritiated estradiol-178 at 0° to 4° C for 14 hours 
and then at 30°C for 1 hour. Levels of steroid receptors 
>10 f{mol/mg of protein were classified as receptor pos- 
itive in the present study. 

Competitive binding of danazol to steroid receptors. 
Duplicate aliquots of cytosol (0.2 ml) were incubated 
with 10 nmol/L of tritiated estradiol-176, tritiated pro- 
megestone, or tritiated methyltrienolone in the pres- 
ence or absence of various concentrations (1 nmol/L to 
10 pmol/L) of danazol for 16 hours. Two pmol/L of 
testosterone, cortisol, or triamcinolone acetonide was 
also included in the incubation mixtures for estrogen, 
progeszerone, or androgen receptor assay, respectively. 
After the incubation, the tritum bound to macromol- 
ecules was separated by the charcoal/dextran method 
and 0.1 mi aliquots of the supernatant were counted. 
The relative binding affinity of danazol to cytoplasmic 
progesterone or androgen receptors was also estimated 
in some progesterone or androgen receptor—positive 
cytosols. The relative binding affinity of danazol to pro- 
gesterone or androgen receptors was calculated from 
the 5C% binding of tritiated promegestone or tritiated 
methyltrienolone in the presence of competing ligand.’ 

Primary cell culture. All procedures were conducted 
under a sterile biologic containment hood. Endometrial 
adenocarcinomas were cut into pieces and incubated in 
a medium (TCM 199, Handai Biken, Osaka, Japan) 
containing 200 U of penicillin and 200 g/ml of strep- 
tomyein for I hour at room temperature to reduce the 
possibility of contamination. Cells were then obtained 
by sufficient pipetting, without trypsinization. The cells” 
in the medium were poured through two layers of ster- 
ile gauze to remove tissue fragments. The cells were 
precipitated by centrifugation at 150 x g for 5 min- 
utes. The cells (1 x 10° per dish) were plated onto 
dishes (35 x 14 mm) of tissue culture plates (Falcon 
3046) containing 1.5 ml of TCM 199 supplemented 
with 10% fetal calf serum (Grand Island Biological Co., 
Grand Island, New York), 200 U of penicillin and 200 
ug/ml of streptomycin, and were incubated at 37° C in 
a 5% carbon dioxide/95% air-humidified incubator. 
Complete attachment was observed in five of 12 tumors 
within 12 hours and the efficiency of the attachment 
was usually about 20%. The medium in the dishes was 
changed every other day. 

Growth studies. Near-confluency was usually ob- 
served within 7 to 10 days. At that time, cells were 
washed twice with TCM 199, and the medium in dishes 
was replaced by TCM 199 containing 2% charcoal/dex- 
tran—treated fetal calf serum and danazol at various 
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Table I. Summary of menstrual history, histologic grading, and cytoplasmic steroid receptor 


concentrations in endometrial adenocarcinoma . 
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concentrations al nmol/L to 10 umol/L). Danazol dis-- 
solved in ethanol was added to the medium at a final . 
concentration of <0.2% ethanol. The cells were further . 


incubated for 24 hours. After incubation, 1 pCi of tri- 


tiated thymidine (80 Ci/mmol; New England Nuclear) ` 


dissolved in 0.5 ml of TCM 199 was added to each dish. 
The cells were harvested 2 hours after the addition by 
washing the dishes twice with ice-cold phosphate-buff- 
ered saline solution (PBS, pH 7.4), suspendir g the cells 
in PBS containing 0.25% trypsin, and collecting cell 
pellets by centrifugation. The cells in the pellets were 
suspended in PBS, and aliquots were taken “or hemo- 
cytometric quantification. A number of cells in dishes 


was not significantly different in each experiment, and ° 


>95% of the cells was found to be viable by the trypan 
blue dye exclusion test. Incorporation of tritiated thy- 
midine into acid-precipitable material was measured 
after the cells were treated three times wita 5% tri- 
chloroacetic acid. 

The radioactivity. for tritium was assayed in 5 ml 
of scintillation fluid, consisting of 100 mg of 1,4-bis 
[5-phenyl-2-oxazolyl]-benzene; 2,2’-p-phenylene-bis[5- 


phenyloxazole (POPOP), 3 gm of 2,5-diphenvloxazole > 


in 666 ml of toluene, and 333 ml of Triton X-100, at 


an efficiency of 45% in an Isocap 300 liquid scintillation ` 


counter. 


Results 

Age and menstrual history of patients at the time of 
surgery, histologic grading of adenocarcinomas, and 
levels of cytoplasmic steroid receptors in tumors are 


summarized in Table I. The levels expressed as the 
number of maximum binding sites in Table I were cal- 
culated by the Scatchard plot analysis. Of the 22 tumor 
specimens, estrogen, progesterone, and androgen re- 
ceptors were found in 12, 14, and four tumors, re- 
spectively. The apparent dissociation constant (mean + 
SE) for estrogen, progesterone, and androgen recep- 
tors were found to be 0.81 + 0.12 (n = 9), 1.0 + 0.2 
(n = 10), and 1.3 + 0.8 nM (n = 3), respectively. 

_No correlation between differentiation of cells and 
concentrations of steroid receptors in endometrial can- 
cer was found (Table I), suggesting that status of steroid 
receptors in tumors may not be an adequate marker of 
differentiation iri human endometrial adenocarcinoma 
cells. The data in Table I also show that estrogen re- ~ 
ceptor—negative and progesterone receptor—positive 
tumors were observed in four tumors. Since it is gen- 
erally accepted that estrogen activity through estrogen 
receptors is required for induction of progesterone re- 
ceptors in target tissues, these adenocarcinomas seem 
to have anomalous mechanism for induction cf pro- 
gesterone receptors. Furthermore, other investigators 
also reported that a small group of endometrial ad- 
enocarcinomas without estrogen receptors contain pro- 
gesterone receptors,’* ™ supporting a hypothesis that 
progesterone receptor synthesis in some endometrial 


cancers is autonomous. 


To know whether danazol binds to cytoplasmic es- 
trogen, progesterone, or androgen receptors ir. ade- 
nocarcinoma, competitive binding studies were per- 
formed in all receptor-positive cytosols. Althougk dan- 
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Fig. 1. Ability of danazol to compete with cytoplasmic estro- 
gen, progesterone, or androgen receptors in cytosol from en- 
dometria] adenocarcinomas. Binding is expressed as the per- 
centage, taking the binding of 10 nmol/L of tritiated ligand 
in the absence of danazol as 100%. Points for estrogen, pro- 
gesterone, and androgen receptors are the means of 12, 14, 
and 4 determinations, respectively. 


azol did not compete at all for cytoplasmic tritiated 
estradiol-17B binding sites, danazol was found to pos- 
sess an appreciable binding affinity for progesterone 
and androgen receptors in endometrial cancer (Fig. 1). 
The relative binding affinities of danazol to progester- 
one and androgen receptors in tumor cytosols were 
estimated to be 6.8% of promegestone and 8.5% of 
methyltrienolone, respectively. 

The cell culture system was introduced in.order to 
examine a direct effect of danazol on the proliferation 
of endometrial cancer cells. Five cancer cells out of 12 
specimens were succeeded in primary cell culture. As 
l shown in Table II, a marked decrease in tr itiated thy- 
midine incorporation by danazol was demonstrated in 
two cancer cells (patients To. N. and Te. N.) in a dose- 
dependent manner. In the remaining three cancer cells 
(patients F. O., S. N., and K. T.), danazol did not affect 
the growth of cells, although an extremely high con- 
centration of danazol (10 pmol/L) inhibited the tritiated 
thymidine incorporation into deoxyribonucleic acid. 
With respect to steroid receptors in original tumors, 
two danazol-responsive tumors contained both estro- 
gen and progesterone receptors but not androgen re- 
ceptors. The other three tumors, which were found to 
be danazol-unresponsive, contained no steroid recep- 
tors (Table J). 
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Table I. Effect of danazol on tritiated 
thymidine incorporation in endometrial 
adenocarcinoma cells* 






Patients with thymidine incorporation 


(dpm xX 10" )T 





Danazél 


(mol/L) 





None 107 . 136 103 187 -99 
107” 108 142 101 182 115 
107% 94 117 IH 210 98 
1077 76 © 94 116 226 110 
107° 70 79 104 194 10] 


10-5 52 57 87 H8 63 


*Values for tritiated thymidine incorporation are the means 
of triplicate determinations. 


tDisintegrations per minute x 107? per dish for 2 hours. 


Comment 


The present results demonstrate that danazol effec- 
tively binds to progesterone and androgen receptors, 
but not to estrogen receptors, in endometrial adeno- 
carcinomas and inhibits the growth of cancer cells with 
progesterone receptors in vitro. Danazol has ‘been 
shown to bind to progesterone receptors in.the uterus 
of human*" and experimental animals.**’ Kokko et al. 
have drawn the conclusion by studies in human 
endometrium" and rabbit uterus’ that danazol binds 
to progesterone receptors in vitro with an affinity ap- 
proximately 3.3% of progesterone. In the present study 
in human endometrial adenocarcinomas,. the relative 
binding affinity of danazol to progesterone receptors 
was approximately 6.8% of promegestone. In addition, 
we previously observed nuclear translocation of cyto- 
plasmic progesterone receptors, when an established 
endometrial cancer cell line was incubated with 1 pmol/ 
L danazol for 1 hour (unpublished data). Therefore 
both the present and previous findings suggest that the 
action of danazol is exhibited through the progesterone 
receptor system in human endometrial cancer. Nuclear 
translocation of progesterone receptors by danazol 
treatment was also demonstrated in the rat uterus 
in vitro.* 

In experimental animals, danazol has been shown to 
effectively bind to androgen receptors in androgen- 
sensitive tissues and exhibits an androgen activity." ° 
The present study also showed a binding of danazol to 
androgen receptors in human endometrial adenocar- 
cinoma. Although danazol was shown to bind not only 
to progesterone and androgen receptors but also to 
estrogen. receptors: in human endometrium,” danazol 
did not bind to estrogen receptors in endometrial ad- 
enocarcinoma, 

To our knowledge the present results demonstrate 
for the first time that danazol has inhibitory effect on 
the growth of human endometrial adenocarcinoma 
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cells. Danazol inhibited the growth of cells from two 
endometrial-tumors in vitro in a dose-dependent man- 


ner. The original tumors of these two cancer cells con- | 


tained progesterone receptors but not androgen re- 
ceptors. On the other hand, danazol did not affect the 
growth of the remaining three cancer cells without pro- 
gesterone or androgen receptors. We previously found 
that the growth of the established human endometrial 
adenocarcinoma cells containing progesterone recep- 
tors but not androgen or estrogen receptors was sig- 
nificantly suppressed by danazol (unpublished data). 
The present and previous findings strongly suggest that 
the inhibitory effect of danazol on the growth of human 
endometrial adenocarcinoma is, at least .in part, me- 
diated through progesterone receptors. The previous 
findings in experimental animals’ showing that danazol 
binds to rabbit uterine progesterone receptors and in- 
duces the synthesis of uteroglobin, a progestin-regu- 
lated rabbit uterine protein, seem to support the pres- 
ent findings. | 

It appears that danazol is more effective than so- 
called progestins such as medroxyprogesterone acetate 
in the treatment of endometriosis. Furzhermore, only 
4% of patients treated with danazol but 41% of those 
treated with the progestins discontinued therapy be- 
cause of the side effects.” Histologic studies have in- 
dicated that-a rapid atrophic change of uterine endo- 
metrium as well as endometriotic tissue occurs through 
danazol treatment, whereas a marked decidual reaction 
is found through treatment with the progestins.'' These 
findings imply that the effect of danazol on endometrial 
tissues is somewhat different from that of the proges- 
tins, although danazol seems to exert its progestin-like 
effect via progesterone receptors as shown by several 
studies including the present study. Plasma concentra- 
tion of danazol. in women receiving an effective dose 
of danazol has been reported” to be 0.1 to 1 pmol/L, 
which are effective: concentrations of danazol in our 
primary cell culture. 

Currently patients with advanced endometrial ade- 
nocarcinoma have been treated with the progestins; 
however, only one third of the treated patients have 
responded objectively to the progestin treatment." 
Considering these results and the present findings 
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showing the inhibitory effect of danazol on the growth 
of human endometrial adenocarcinoma cells the po- 
tential application of this compound for the treatment 
of patients with progesterone receptor—positive endo- 
metrial cancer should be evaluated with further de- 
tailed studies. 
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Premenstrual syndrome: Documentation by a linear analog 
scale compared with two descriptive scales 


Robert F. Casper, M.D., and Anne-Marie Powell, R.N. 


London, Ontario, Canada 


We examined the use of a six-item linear analog scoring system comprised of three somatic and three 
mood-related items for the documentation of premenstrual syndrome. One hundred forty women with 
suspected premenstrual syndrome completed the linear analog scale, as well as the validated 36-item 
Self-Rating Scale for Premenstrual Tension Syndrome and the 35-item Prospective Record of the Impact 
and Severity of Menstrual Symptomatology calendar. Ninety patients and 20 normal control subjects 
completed two cycles of records. With use of clinical criteria and self-rating scale scores as the “gold 
standard,” 73 patients were diagnosed as having premenstrual syndrome. Linear analog scale scores 
were highly correlated with both self-rating scale scores (r = 0.72, day 9; r = 0.66, day 27; p = 0.001) 
and prospective record scores (r = 0.74, day 9; r = 0.60, day 27; p = 0.001). Our results suggest that the 
linear analog scale may be a useful clinica! tool in the study of premenstrual syndrome. Because of its 
simplicity, the linear analog scale may increase patient compliance. Because of its sensitivity to detect 
changes in symptom severity throughout the menstrual cycle, it may prove useful in evaluating the effects 
of therapy for premenstrual syndrome. (Av. J OasteT GYNECOL 1986;155:832-7.) 


Key words: Premenstrual syndrome, linear analog scale, self-rating scales 


Premenstrual syndrome is a complex neuroendo- 
crine disorder with a multitude of physical, psycholog- 
ical, and behavioral manifestations. Prospective, de- 
scriptive scales presently used for the diagnosis of pre- 
menstrual syndrome reflect the perceived complexity 
of this condition. Most scales include a large number 
of symptoms, making them cumbersome and time-con- 
suming to complete. It is possible that a much simpler, 
but still reliable, prospective scale can be developed for 
diagnosis and evaluation of therapy. Such a scale should 
be quick and easy for patients to complete and easy 
and accurate to score in either a clinical or research 
_ context. As part of an ongoing therapeutic trial for 
` premenstrual syndrome, we compared a six-item visual 
linear analog scoring system with the previously vali- 
dated 36-item self-rating scale of Steiner et al.' and a 
prospective 35-item rating scale of Reid? and Mad- 
docks. We anticipated that the linear analog format 
would allow an estimate of the relative severity, within 
each cycle, of individual somatic and psychological 
symptoms while increasing patient compliance. 
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Material and methods 


Subjects. One hundred forty women with suspected 
premenstrual syndrome on the basis of history were 
selected from those referred by other physicians or 
from those who answered a newspaper advertisement 
concerning premenstrual syndrome. Twenty normal 
controls were also recruited by advertising for women 
who did not have the syndrome. All subjects amd con- 
trols had regular menstrual cycles. They had nct taken 
any medications including oral contraceptives on a reg- 
ular basis for at least 2 months. 

‘Documentation. The women were asked to ccmplete 
the 36-item Self-Rating Scale for Premenstrual “Vension 
Syndrome of Steiner et al.,' the 35-item Pro:pective 
Record of the Impact and Severity. of Menstrual Symp- 
tomatology calendar of Reid* and Maddocks, and a six- 
item linear analog scale every 3 days for two consecutive 
menstrual cycles. The linear analog scale comprised 
three mood-related items (irritability; depression, and 
anger) and three somatic items (headache, Hoating, 
and breast tenderness) each rated from 0 (no symp- 
toms) to 10 (as severe as possible) on a line 10.cm long. 
The subjects were given detailed instructions on how 
to complete each scale by one of the investiga-ors and 
were asked to fill out the three scales in the ev2ning as 
a reflection of their symptoms throughout the day. Each 
subject and control was seen once each week by one of 
us (A. M. P.) to ensure that questions about the forms 
were answered and to provide continuous fcllow-up. 
We considered the first cycle as a practice cycle and the 
second cycle as the study cycle for data analysis. i 
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Fig. 1. Mean (+SEM) scores for the self-rating scale (SRS) of Steiner- et al.' (A), the linear an- 
alog scale (LAS) (B), and the prospective record (PRISM) calendar of Reid? and Maddocks (C) 
in a group of 73 patients with premenstrual syndrome (PMS), a group of 17 patients without 
premenstrual syndrome (NON-PMS), and in 20 control subjects. * indicates day 30 data: n = 21 for 
premenstrual syndrome group, n = 6 for the nonpremenstrual syndrome group, and n = 8 for 


the control group. 


Scoring. Each item on the self-rating scale receiving 
a “yes” answer was scored as one point with a maximum 
score of 36. On the prospective record calendar, each 
of the 24 symptoms was graded by the subjects from 1 
to 3, depending on severity, with a maximum score of 
72 on part 1. Each of the 11 life-style impact items 
checked was counted as 3 points with a maximum of 
33 for part 2. Thus the maximum total score for the 
prospective record calendar was 105. The linear analog 
scale was marked by accurately measuring the distance 
in centimeters from 0 to the mark made by the subject 
on each of the six symptom lines. Maximum total score 
for the linear analog scale was therefore 60, while each 
individual symptom could achieve a maximum of 10. 

At the end of the 2 months, the self-rating scale scores 
for each cycle were graphed for each subject and an- 
alyzed individually. A diagnosis of premenstrual syn- 
drome was made with use of a modification of the di- 
agnostic criteria of Haskett and Abplanalp, which 
included both clinical interview and self-rating scale 
results. A self-rating scale score of <5 on cycle days 9 
or 12 and a score of >15 on cycles days 24 or 27 to- 
gether with a clearly defined cyclic change in symptoms 
was required in one or both cycles for inclusion in the 
premenstrual syndrome group. The prospective record 


calendar scores and the linear analog scale total and- 


individual item scores for the second cycle only were 
then calculated for each subject with or without pre- 
menstrual syndrome and compared with self-rating 
scale scores for the second cycle. Correlation coeffi- 
cients were calculated for linear analog scale, prospec- 


tive record, and self-rating scale scores for cycle days 
9 and 27. It should be noted that the diagnosis of pre- 
menstrual syndrome was made on the basis of the cri- 
teria of Haskett and Abplanalp* in either cycle 1 or 
cycle 2. However, the study itself analyzed scores on 
the self-rating scale, prospective record, and linear an- 
alog scale for cycle 2 only. 


Results 


Ninety subjects (mean + SEM age, 33.5 + 0.5 years) 
and 20 controls (mean age, 32.2 + 2.1 years) com- 
pleted two cycles of records. Seventy-three patients 
were diagnosed as having primary recurrent premen- 
strual syndrome according to the criteria of Haskett 
and Abplanalp. Mean (+SEM) self-rating scale scores i 


in cycle 2 for all 73 patients are shown in Fig. 1, A. As. ` T 


a group, these subjects had a mean score of <5 on cycle 
days 6, 9, and 12 and a mean score of >15 om çycle ` 
days 21, 24, 27, and 30. Seventeen patients had non=. 

cyclic symptoms and did not demonstrate self-rating 
scale scores compatible with premenstrual syndrome in 


_ either cycle, They were considered the nonpremen- 


strual syndrome group and in cycle 2 had mean self- 
rating scale scores of >5 but <15 throughout the men- 
strual cycle. The control group had consistently low 
self-rating scale scores, that is, <3, throughout the cy- 
cle. A Similar pattern of scores for each of the three 
groups was seen for linear analog scale scores and pro- 
spective record total scores (Fig. 1, B and C). A clear 
cyclic pattern for each of the six symptoms of the linear 
analog scale was also seen in the 73 women with pre- 
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Fig. 2. Mean (+SEM) scores for individual symptoms of the 
linear analog scale in patients with premenstrual syndrome. 


menstrual syndrome (Fig. 2). The 17 subjects who had 
noncyclic scores on the self-rating scale (nonpremen- 
strual syndrome group) had noncyclic individual linear 
analog scale scores for irritability, depression, head- 
ache, and anger (Fig. 3). However, they did demon- 
strate cyclicity for bloating and breast tenderness with 
a definite premenstrual increase in scores compared to 
cycle days 6, 9, and 12. The premenstrual increase in 
symptoms was similar to that seen in the premenstrual 
syndrome group for breast tenderness and nearly as 
great as the premenstrual syndrome group for bloat- 
ing. Control women had uniformly low scores on all 
six linear analog scales but did have a slight premen- 
strual rise in scores for breast tenderness and bloating 
and a menstrual and early follicular phase increase in 
scores for headache (Fig. 4). 

We examined the degree of correlation between the 
three self-rating scales on cycle days 9 and 27. On cycle 
day 9, prospective record scores were highly correlated 
with self-rating scale scores (r = 0.79, p < 0.001) and 
linear analog scale total scores were highly correlated 
with both self-rating scale scores (r = 0.72, p < 0.001) 
(Fig. 5) and prospective record scores (r = 0.74, p< 
0.001). Similarly, on cycle day 27 prospective record 
scores were highly correlated with self-rating scale 
scores (r = 0.74, p < 0.001), while linear analog scale 
total scores were also highly correlated with self-rating 
scale scores (r = 0.66, p< 0.001) (Fig. 5) and pro- 
spective record scores (r = 0.60, p < 0.001). Of the in- 
dividual items on the linear analog scale the mood- 
related items were more highly correlated with self- 
rating scale scores than the somatic items although each 
reached significance except for breast tenderness on 
cycle day 9 (Table I). 
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Fig. 3. Mean (+ SEM) scores for individual linear analog scale 
symptoms in patients without premenstrual syndrome. 


We compared self-rating scale scores with linear an- 
alog scale total score and prospective record calendar 
scores for individual patients. Fifty-five patients had 
self-rating scale scores compatible with moderate to se- 
vere premenstrual syndrome in cycle 2. Linear analog 
scale and prospective record scores for these 55 patients 
on days 9 and 27 are shown in Table II. Eighty-nine 
percent of patients with premenstrual syndrome-con- 
sistent scores on the self-rating scale and linear analog 
scale scores of <5 on day 9 and >10 on day 27. Pro- 
spective record scores were slightly higher, and 91% to 
93% had scores of <8 on day 9 and of >12 on day 27. 
Of the 18 premenstrual syndrome patients whose self- 
rating scale scores were not diagnostic of moderate to 
severe premenstrual syndrome in cycle 2, 11 had linear 
analog scale scores of <5 and >10, and 11 had pro- 
spective record scores of <8 and >12 for days 9 and 
27, respectively. Seventeen patients had noncyclic self- 
rating scale scores in both cycles (nonpremenstrual syn- 
drorne group). Of these patients, four had linear analog 
scale scores in cycle 2 of <5 and >10, and two had 
prospective record scores of <8 and >12 on days 9 and 
27, respectively. Three of these four patients were clas- 
sified as nonpremenstrual syndrome because of self- 
rating scale scores of <15 on cycle day 27 in both cycle 
l and cycle 2. 


Comment 


In the present study we observed that a simple, 6- 
item linear analog scale comprised of mood and somatic 
symptoms does demonstrate a cyclic change in scores 
during the menstrual cycle in women with premen- 
straal syndrome. Mean scores in a group of 73 pre- 
menstrual syndrome patients ranged from 5 on cycle 
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Fig. 4. Mean (+SEM) scores for individual linear analog scale 
symptoms in 20 control subjects. 


days 9 and 12 to a premenstrual increase in scores of 
#20 on cycle days 24 and 27. Furthermore, our data 
demonstrate that scores from the 6-item linear analog 
scale were highly correlated with scores from more 
complex descriptive scales used for the diagnosis of 
premenstrual syndrome. 

Visual analog scales have had wide clinical and re- 
search applications in the past. For example, linear an- 
alog scales have been shown to be a reliable. method 
for pain measurement,"® usually as a simple straight 
line extending from “no pain” to the extreme limit of 
pain as defined by the phrases such as “pain as bad as 
it could possibly be.”' The symptoms we have chosen 
for our linear analog scale for premenstrual syndrome 
also seem to be appropriate for rating along a contin- 
uum of severity similar to that seen with pain. Many 
descriptive scales such as that of Steiner et al.’ limit 
themselves to an on/off or yes/no type of response, 
which is effective in delineating the presence or absence 
of a symptom but does not attempt quantification. 
Other descriptive scales such as the prospective record 
calendar attempt to quantify symptom severity with use 
of a limited number of descriptive categories such as 
“mild, moderate or severe,” which are liable to consid- 
erable intersubject variation in interpretation. It would 
thus seem that a visual analog scale may be a more 
sensitive and a better measure of the magnitude of 
certain symptoms than a descriptive scale. 

The clinical criteria of Haskett and Abplanalp,” based 
on the self-rating scale of Steiner et al.,| were used as 
the “gold standard” for the diagnosis of premenstrual 
syndrome in this study. On the basis of clinical inter- 
views and self-rating scale scores, 73 patients were di- 
agnosed as having primary recurrent premenstrual 
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Fig. 5. Correlation between self-rating scale (SRS) and linear 
analog scale (LAS) scores on days 9 and 27 in 90 patients with 
(n = 73) or without (n = 17) premenstrual syndrome. 


syndrome. Seventeen had noncyclic self-rating scale 
scores (Nonpremenstrual syndrome group). The pa- 
tients were studied for two cycles and in cycle 2, 55 of 
these 73 patients had self-rating scale scores compatible 
with moderate to severe premenstrual syndrome. By 
arbitrarily choosing linear analog scale total scores of 
<5 on day 9 and >10 on day 27 as diagnostic of pre- 
menstrual syndrome, 49 (89%) of the premenstrual 
syndrome patients diagnosed by self-rating scale would 
also have been diagnosed by the linear analog scale. 
With use of prospective record scores of <8 on day 9 
and >12 on day 27, 50 patients (91%) would have been 
diagnosed as having premenstrual syndrome. There- 
fore, with use of the above selected values, the linear 
analog scale and prospective record scales would have 
false negative rates of 11% and 9%, respectively, com- 
pared to the self-rating scale for the diagnosis of pre- 
menstrual syndrome. However, 18 patients with pre- 
menstrual syndrome did not meet the self-rating scale 
scoring criteria for premenstrual syndrome in cycle 2. 
Of these patients, 11 would have been diagnosed as 
having premenstrual syndrome in the second cycle by 


8&6 Casper and Powell 


October 1986 
Am ] Obstet Gynecol 


Table I. Correlation of linear analog scale symptom scores with self-rating scale scores 






9 r = 0.60* r = 0.67* 
27 r = 0.60* r = 0.63* 
*p < 0.001. 
tp < 0.05. 
FNS. 





Breast 
tenderness 


r = 0.104 
r = 0.39* 


Table II. Linear analog scale total scores and prospective record scores in the group of 55 patients with 
premenstrual syndrome in cycle 2 who scored <5 on day 9 and >15 on day 27 on the self-rating scale of 


Steiner et al.’ 


Linear analog scale 


<8 52 95 52 95 
<6 51 92 > ‘i : 49 89 
<5 49 89 > 14 46 83 
<4 44 80 >15 44 80 
<3 42 77 >20 3] 57 
<2 38 69 >30 15 28 
<Í 32 59 >40 8 15 


the above scores for the linear analog scale and pro- 
spective record scales. Therefore, 60 and 61 of the 73 
patients with premenstrual syndrome would be iden- 
tified in cycle 2 by linear analog scale and prospective 
record scores, respectively, compared to 55 by the self- 
rating scale. It is possible that linear analog scale and 
prospective record prospective rating scales may be 
more sensitive than the self-rating scale for the diag- 
nosis of premenstrual syndrome. 

In 17 patients with noncyclic self-rating scale scores 
(nonpremenstrual syndrome group), with use of the 
arbitrarily chosen values for linear analog scale and 
prospective record scores described in the preceeding 
paragraph, four patients would have been diagnosed 
as having premenstrual syndrome by the linear analog 
scale and two by the prospective record. Thus it would 
~ appear that the linear analog scale has a 23.5% and the 
prospective record calendar a 12%, false positive rate 
for the diagnosis of premenstrual syndrome compared 
to the self-rating scale scoring system. However, three 
of the four patients had self-rating scale scores of <15 
on day 27, suggesting that the linear analog scale di- 
agnosis of premenstrual syndrome in these patients 
may reflect an increased sensitivity of the visual analog 
type of scale compared to the straightforward yes/no 
response of the self-rating scale. From these data, we 
believe that the linear analog scale and prospective rec- 
ord scores are at least as accurate as self-rating scale 
scores in the diagnosis of premenstrual syndrome and 
that the linear analog scale may be advantageous be- 
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cause of its simplicity and ease of scoring. Scoring by 
placing a mark on a line is both rapid and easy to 
perzorm and should require a minimum of concentra- 
tion compared to reading a number of descriptive sen- 
tences, thereby enhancing patient compliance. 

Visual analog scales allow detection of a relative 
change in severity of a symptom throughout the men- 
strual cycle and in the context of premenstrual syn- 
drome should be more informative than simply indi- 
cating whether a certain symptom is present or absent. 
In particular, the ability to examine a relative change 
in severity of a symptom or symptoms has tremendous 
potential in therapeutic trials in premenstrual syn- 
drome. It may be possible to demonstrate a treatment 
effect by a change in linear analog scale scores that 
could not be detected by descriptive scales of the yes/ 
no type. It is also possible to examine individual symp- 
toms and their relationship to the menstrual cycle with 
use of a visual analog scale. For example, 17 subjects 
had no cyclic change or premenstrual increase in symp- 
tom scores on the self-rating scale or prospective record 
scales. However, examination of the linear analog scale 
symptoms individually showed that this group of pa- 
tients had a cyclic increase in breast tenderness and 
bloating of a similar degree to that seen in the subjects 
with premenstrual syndrome. This finding suggests 
that breast tenderness and bloating, although classical 
symptoms of premenstrual syndrome, may not be good 
discriminators from a diagnostic point of view. These 
symptoms were also seen to increase premenstrually in 
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the normal controls but to a much smaller degree, and 
it is possible that depression or irritability, either on a 
chronic basis or on a cyclic basis as in premenstrual 
syndrome, may accentuate the patient's perception of 
a normal premenstrual phenomenon. 

Our data suggest, therefore, that a six-item linear 
analog scale may be useful as a prospective self-rating 
scale in the diagnosis of premenstrual syndrome. This 
scale correlates well with a previously validated descrip- 
tive scale for premenstrual syndrome and, because of 
simplicity, has the potential advantage of increased pa- 
tient compliance. Furthermore, because of increased 
sensitivity to changes in symptom severity throughout 
the menstrual cycle, it is possible that the linear analog 
scale may prove useful in the evaluation of various ther- 
apies for premenstrual syndrome. 
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Closed suction pelvic drainage after radical pelvic 


surgical procedures 


James W. Orr, Jr., M.D.,* James F. Barter, M.D., Larry C. Kilgore, M.D., | 
Seng Jaw Soong, Ph.D., Hugh M. Shingleton, M.D., and Kenneth D. Hatch, M.D. 


Birmingham, Alabama 


Thirty-four women had short-term, low-pressure, closed suction pelvic drainage after radical gynecologic — 
surgical procedures. Mean collected fluid losses were significantly higher after radical hysterectomy (25.3 
mi/kg) when compared with abdominal hysterectomy (10.7 ml/kg) and lymphaderiectomy. There was no 
correlation between the volume of pelvic drainage and patient's age, patient's weight, duration of 
operation, or amount of blood loss. The fluid contents resembled serum and were rarely culture positive. 
Short-term (5-day) drainage was not associated with lymphocysts. (Am J OBSTET GYNECOL 1986; 


155:867-71.) 


Key words: Pelvic drainage, radical pelvic surgical procedures 


Pelvic lymphadenectomy is an accepted standard in 
the primary surgical treatment of cervical cancer! and 
is increasingly used in endometrial cancer.” The use of 
postoperative closed suction pelvic drainage has beer. 
reported to decrease associated postoperative compli- 
cations.* While technical reports concerning the benefit 
of a thorough dissection or complications of lymph- 
adenectomy”* exist, onlv one report’ characterizes and 
quantitates the pelvic drainage after these procedures. 
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This prospective stüdy was designed in an attempt 
to determine the effects of short-term pelvic drainage 
and to delineate the contents of the fiuid collected in 
a low-pressure closed suction system after radical pelvic 
operation used as a primary treatment for women with 
gynecologic cancer. 


Methods and material _ 

Between December 1983 and August 1985, 34 
women were evaluated. Twenty-nine patients under- 
went radical hysterectomy and pelvic lymphacenec- 
tomy as part of planned, primary therapy for cinical 
Stage IB cervical carcinoma. Five patients with clinical 
Stage I endometrial cancer underwent extrafascial 
hysterectomy and complete pelvic lymphadenectomy 
(Table I). Clips or other methods to ligate severed lym- 
phatics were used sparingly: Cautery was used only as 
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Fig. 1. The mean daily pelvic drainage after radical hysterectomy (RH) and total hysterectomy ( TAH) 
in milliliters per kilogram per day (ce/KG/day). Mean total volumes (lower numbers) increased daily 


after RH but not after TAH. 


Table I. Patient population 












Radical 
hysterectomy 


Abdominal 
hysterectomy 
(n = 5) 





Age (yr) 
Mean 39.4 + 2.2 64 + 4.6 
Range 24-72 52-80 
Weight (kg) 
Mean 67.1- 2.0 TOTE 3.3 
Range 45-94 59-80 
Duration of oper- 
ation (min) 
Mean . 229.9 + 8.6 238.4 + 79.9 
Range 110-296 125-552 
Median 240 145 
Blood loss (L) ar 
Mean L2 0. 0.41 + 0.1 
Range 0.25-2.2 0.17-0.65 


needed for local hemostasis. No patient received peri- 
operative heparin. Antithrombotic prophylaxis con- 
sisted of intraoperative and postoperative calf compres- 
sion. Diuretics were not routinely used. All patients 
received perioperative antibiotics. 

After vaginal cuff closure and before closure of the 
abdominal fascia, flat, 10 mm silicon drains (Snyder 
Laboratory, Dover, Ohio) were placed in the pelvis and 
exteriorized through separate abdominal stab incisions. 
The drains were then connected to a pliable, closed 
suction 100 ml volume evacuator. Bilateral pelvic drains 
were placed into the obturator and paravesical space 
in 22 patients (radical hysterectomy 21; total hyster- 
ectomy one), and a single pelvic drain was placed across 
the denuded pelvis in the remaining 12 patients (radical 
hysterectomy 8; total hysterectomy four). The decision 
to use one or two drains was made randomly and there 
was no correlation between the number of drains and 
operative time or blood loss. The pelvic peritoneum 
was not closed in any patient. 


During the study, the total output collected in the 
closed suction drainage system was measured at least 
every 4 hours. Selected drain samples were sult mitted 
to the laboratory for protein electrophoresis, electro- 
lytes, cell count, and differential count. Serum samples 
were obtained for serum protein electrophoress every 
other day. Twenty- six (76%) of the patients Fad the 
drain (or drains) removed on day 5 regardless of out- 
put. All patients had the drains removed by dey 7. 


Results 


. Patients undergoing radical hysterectomy had a pro- 
gressive increase in the mean volume of closed suction 
drainage during the first 4 days (Fig. 1). Th2 mean 
total drainage during the 5-day interval was 25.3 ml/ 
kg (1697 ml) with a range of 1.96 ml/kg (131.4 ml) to 
117.9 ml/kg (7911 ml). The. total volume o? pelvic 
drainage did not differ in patients with two drains when 
compared with that in women with a single pelv-c drain. 
Although individual variation existed, there was no sta- 
tistical correlation between total pelvic drainage (in mil- 
liliters) and patient's age, patient’s weight, duration of 
operation, or amount of intraoperative blood Icss. Four 
patients (13.8%) developed postoperative pelvic infec- 
tion and their total or daily pelvic drainage was not 
different from that of those patients who hac an un- 
eventful postoperative course. 

Evaluation of the composition of the pelvic drainage 
indicated a significant protein content (Fig. 2). Mean 
total protein loss during the 5-day. period was 47.9 gm 
and mean albumin loss was 28.7 gm. Drain flaid elec- 
trolyte levels mirrored serum values (Table I1). Total 
cell counts from the pelvic drain decreased significantly 
(paired ¢ test p< 0.03) during the 5-day interval. 
The percentage of polymorphonuclear leukocytes de- 
creased significantly (p < 0.02) and the percentage of 
lymphocytes increased significantly (p < 0.02) dur- 
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Fig. 2. Protein electrophoresis of drain fluid. The qualitative pattern of proteins is similar to that 
of serum and minimal quantitative changes occurred during the first 5 days. 


Table II. Drain fluid electrolyte levels 


Postoperative 
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ing the 5-day postoperative surveillance interval (Ta- 
ble III). Twelve patienzs had fluid sent for Gram stain 
and culture. All Gram stains were negative for bacteria. 
One specimen (9.3%) grew Staphylococcus. epidermidis. 
This patient remained afebrile. One patient with pre- 
sumed pelvic cellulitis nad a negative Gram stain and 
culture. 

The mean serum altumin levels (Fig. 3) decreased 
significantly after radical operation. In our previous 
report,® the mean serum albumin level on the fifth post- 
operative day of patients managed with open cuff Pen- 
rose drainage was 2.93 + 0.2 gm/dl. Both methods of 
pelvic drainage were associated with a significant (p < 
0.001) decrease in serum albumin levels. However, the 
serum albumin levels on. the fifth postoperative day 
(2.3 + 0.1 gm/dl) were lower in patients with closed 
suction drainage.. 

Drainage after total hysterectomy and lymphade- 
nectomy was less than that after radical hysterectomy 
(Fig. 1). The mean total postoperative drainage was 
752 ml (10.7 ml/kg). ‘The maximum volume of drainage 
was 1363 ml. Corresponding protein, albumin, and 
electrolyte losses were not different.. 

No patient in this series: developed a symptomatic 
lymphocyst, and a single patient developed a late ure- 
teral-vaginal fistula after reéxploration for intra-ab- 
dominal sepsis. The fistula healed without operation. 


Comment 


The history of surgical drains begins with the writing 
of Hippocrates (circa 405 sc), but their postoperative 
use, indications, and efficacy remain controversial.’ 


107 + 1159 18 +0. 
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While most surgeons agree that drainage of cbvious 
collections of pus or blood is appropriate, their pro- 
phylactic use is still debated. Halsted suggested that “no 
drainage at all is better than the ignorant employment 
of it?” Unfortunately tradition, institutional, and in- 
dividual bias too often determine the current practices 
of the type and duration of pelvic drainage. | 

Although prophylactic drainage after some surgical 
procedures (for instance, cholecystectomy) increases 
the risk of fluid collection and infection, the use of 
prophylactic closed suction vaginal cuff drainage sig- 
nificantly decreased the risk of pelvic sepsis after total 
abdominal or vaginal hysterectomy.’ It has been noted 
that the opsonic activity in fluid collected postopera- 
tively is deficient? and its removal may allow the local 
defenses to protect the pelvis. In these nonradiczl pro- 
cedures, total postoperative drainage rarely exceeds 
50 ml. 

After radical surgical procedures with lymphade- 
nectomy, a larger volume of fluid collects and closed 
suction drainage has been: advocated as a method of 
decreasing risk of lymphocysts, febrile morbidity, and 
ureteral complications. po. Although the theoretical 
benefit of lessening bacterial migration along the closed 
suction drains? is apparent, this small series did not 
confirm any benefit in this regard when compared with 
results i in patients managed with an open vagina! cuff 
and Penrose drainage.’ The need for h:gh or low pres- 
sures in the closed drainage systems remains contro- 
versial. However, current practice would favor closed 
suction with a vacuum reservoir with the use of low 
pressures because it is associated with less tissue 
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Fig. 3. Serum protein electrophoresis during the first 5 postoperative days indicated quantitative 
and qualitative changes. Total protein and albumin levels decreased while œ, proteins increased. 


Table III. Cell counts 


Postoperative 


l 3654 + 719 
3 1460 = 677 
5 1084 = 367 


trauma." In our series, the low-pressure, closed suction 
drainage removed larger volumes of fluid than previ- 
ously reported® (Magrina J, Masterson J. Prolonged 
(over 10 days) and increased (over 200 ml/24 hours) 
lymph drainage after radical hysterectomy and pelvic 
node dissection, personal communication, 1985), even 
with higher suction pressures, and the mean drain out- 
put consistently increased during the first 4 days. Post- 
operative drainage is reported to be augmented with 
improper ligation of lymphatics, the excessive use of 
cautery, or concomitant use of heparin or diuretics. A 
recent survey of gynecologic oncologists suggested that 
62% of the respondents had failed to have a patient 
with >200 ml/24 hours of pelvic drainage after radical 
hysterectomy. Our patients experienced a greater mean 
fluid loss of 1697 ml or 25.3 ml/kg (Fig. 1) during ‘the 
first 5 postoperative days. Some patients experienced 
losses approaching 2000 ml/day. In the latter group, 
urinary fistulas can be excluded by measuring creati- 
nine levels'in the drained fluid. 

The “healthy” postoperative woman may not require 
routine replacement of drain losses. However, patients 
with coexisting medical illness or those with excessive 
volume losses may rapidly develop complications as- 
sociated with volume deficits and need replacement. 
Analysis of fluid from our series suggests that a phys- 
iologic solution such as Ringer’s lactate should be used 
when volume replacement is deemed necessary. | 

Actual protein losses in our patient were minimal; 
however, some have proposed routine Pace of 


‘att Segmented cells Lymphocytes 
day White blood cells (No./em”) (%) (%) (%) 


Cell count 


Monocytes 

87.524 ` «8.5 + 8 = 3835+08 
44 + 10 l 52 Ekl — 
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serum albumin lost in the closed suction drainage.” We 
do rot agree because postoperative serum albumin 
levels are consistently depressed for several reasons. 
There are intraoperative losses into the peritoneal cav- 
ity, accumulation in the wound site, increased catabo- 
lism, and intravascular redistribution of albumin. Fur- 
thermore, postoperative albumin replacement may ac- 
tually depress globulin sythesis and pose a small risk of 
hepatitis." Alterations in serum protein levels are 
greater than expected by measured drain losses. From 
our previous report,” we observed that the mear serum 
albumin levels in patients with vaginal Penrose drain- 
age are slightly higher than those with closed suction 
drainage; however, there seems to be little clin:cal sig- 
nificance in these changes. Our present information 
confirms that lowered sèrum albumin levels in the im- 
mediate postoperative period should not be equated 
with nutritional deficits. However, if prolonged periods 
of inadequate caloric intake are incurred, we would 
recommend some form of hyperalimentatior to de- 
crease perioperative risks.'® 

It has been assumed that the fluid collectec in ret- 
roperitoneal drains is of lymphatic origin.*° Cur data 
indicate that despite the same lymphadenectcmy, pa- 
tients undergoing radical hysterectomy have signif- 
cantly more fluid loss, suggesting that fluid less from 
the pelvic denudation associated with the radical dis- 
sec-ion may be important. We have placed clesed suc- 
tion systems after total hysterectomy without lymph- 
adenectomy and these women have minimal drainage 
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(<100 ml), suggesting little importance to peritoneal 
“weeping.” In addition, we are not aware of reports 
where strict adherence to lymphatic ligation decreases 
postoperative fluid collection. 

The institution of pelvic drains allows collection and 
a site of exit for lymphatic fluid and serous drainage. 
During the initial week, fibrin deposition probably oc- 
curs and this potential space, if continued in its “col- 
lapsed” state, gets continuously smaller. When the 
drains are removed, some fluid probably collects but 
back pressures overcome the low-flow pressures, thus 
creating a situation where large lymphoceles rarely oc- 
cur. Others (Magrina J, Masterson J. Prolonged (over 
10 days) and increased (over 200 ml/24 hours) lymph 
drainage after radical hysterectomy and pelvic node 
dissection, ‘personal communication, 1985) feel that 
drainage should be centinued as long as the output is 
elevated (>50 ml/day), but in our study no serious se- 
quelae resulted from early removal of these pelvic 
drains. Two patients had drainage seep from the stab 
wound sites; however, this was only a short-term prob- 
lem. Although symptomatic lymphoceles are said to be 
less common with closed drainage, we have found it to 
be a rare occurrence regardless of the method used.! 

Cell counts had a characteristic decrease in total cells 
and an increasing percentage of lymphocytes. Cultures 
and Gram stain results were not predictive of infection, 
but closed suction drainage is less likely to allow ret- 
rograde infection.” These findings suggest it is difficult 
to use drainage fluid results to document the presence 
of postoperative pelvic infection or to guide therapy in 
those women with presumed pelvic infection. 

The fact that the total pelvic drainage from a single 
catheter placed across the pelvis is not significantly dif- 
ferent from that with two drains suggests that cost- 
effective drainage may be that using a single pelvic 
drain. At costs of $50 to $75 per drain, savings may be 
significant. Furthermore, using only one drain reduces 
the chances of incidental injury that may occur during 
placement. 

In conclusion, low-pressure, closed suction pelvic 
drainage after radical pelvic operations effectively re- 
moves fluid from the pelvis. The mean total drainage 
during the first 5 days was significant (25.3 ml/kg) and 
drainage losses could be associated with volume deficits 
‘in the patient with associated medical problems. If 
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losses are to be replaced, a physiologic soluticn should 
be used. The need for routine protein replacement is 
unproved. While advocates** claim benefits 3f closed 
suction drainage, a prospective trial is required to con- 
firm the need for routine use. 
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Identification of prostate-specific antigen in the vaginal 
secretions of a male pseudohermaphrodite 


Mark V. Sauer, M.D., Roberta M. Made}, H.T., M.T., Hanna Fischer, Ph.D., 


and John E. Buster, M.D. 
Torrance and Emeryville, California 


Prostatic glycoprotein was detected in the vaginal fluid of a male pseudohermaphrodite with use of an 
enzyme-linked immunosorbent assay. Following orchiectomy, prostatic glycoprotein concentrations fell 
from levels >60 to <10.0 ng/mi. The decline in prostatic glycoprotein levels postoperatively implies that 
prostatic glycoprotein expression is controlled by androgens. (Am J OssteT GYNECOL 1986;155:872.) 


Key words: Male pseudohermaphrodite, p30 antigen 


Presented is a case in which prostatic-specific antigen 
was detected from the urethral and vaginal secretions 
of a male pseudohermaphrodite. This is the first report 
revealing the presence of prostatic glycoprotein in the 
genitourinary tract of a male pseudohermaphrodite 
and demonstrates for the first time in human subjects 
that prostatic glycoprotein expression in dependent on 
androgen production. 


Case report 


A 35-year-old phenotypic woman presented with pri- 
mary amenorrhea, ambiguous genitalia, and palpable 
masses in the labial folds. Karyotype revealed an XY 
complement. The serum level of dihydrotestosterone 
was 20 ng/dl; total testosterone, 6.7 ng/ml; dehydro- 
epiandrosterone sulfate: 2402 ng/ml; luteinizing hor- 
mone, 30 mIU; follicle-stimulating hormone, 32 mIU; 
and estradiol, 54 pg/ml. A diagnosis of 5-a-reductase 
deficiency was made with the demonstration of reduced 
5-a-reductase activity in cell sonicates of genital skin 
fibroblasts (0.2 pmol/hr/mg of protein with normal > 
1.0). Prostatic glycoprotein antigen levels were mea- 
sured with use of a standard enzyme-linked immuno- 
sorbent assay (ELISA)'* both before and after surgery 
and are shown on Table I. 


Comment 


Prostatic glycoprotein antigen is a 30,000 dalton se- 
men glycoprotein of prostatic origin which is believed 
to be male specific. In men, prostatic glycoprotein is 
detectable by ELISA in various body fluids at concen- 
trations = 1 ng/ml.’ In women it ts undetectable. Im- 
munohistologic studies suggest that prostatic glycopro- 


From the Harbor—University of California, Los Angeles Medical Cen- 
ter, University of California, Los Angeles School of Medicine, Di- 
vision of Reproductive Endocrinology, and the Cetus Corporation. 

Received for publication Feb. 19, 1986: accepted April 22, 1986. 

Reprint requests: Mark V. Sauer, M.D., Harbor—Unwersity of Cal- 
ifornia, Los Angeles Medical Center, 1000 West Carson St., D3, 
Torrance, CA 90509. 


Q79 


Table I. Concentrations of prostatic 
glycoprotein and serum testosterone before 
and E weeks after orchiectomy 
Testosterone 


p30 
Site (ng/ml)* (ng/ml) 


Vaginal swab > 60.0 zi 












Time 


Precrchiectomy 


Urethral swab >60.0 — 
Serum — 6.7 
Postorchiectomy Vaginal swab 7.71 -— 
Urethral swab 1.16 — 
Serum — 0.4 


*Mean of four determinations. 


tein is confined to the acinar and ductal epithelial cells 
of the prostate gland. 

Although production of prostatic glycoprotein is be- 
lieved to be androgen dependent, there has been no 
previous demonstration of this in human subjects. 
However, it had been demonstrated in rats that the 
synthesis of prostatic proteins is dependent on andro- 
gen production, with a decline to 1% of normal levels 
following castration.” Also, testosterone injections re- 
versed these changes when administered to castrated 
animals. Finally, inability to detect prostatic glycopro- 
tein in the urine of prepubescent boys suggested that 
androgens may regulate expression of this protein. 
This ts the first report confirming this relationship in 
a human subject by demonstrating a fall in prostatic 
glycoprotein expression after removal of the androgen- 
producing gonads. 
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Current Development 


Present status of intrauterine treatment of hydrocephalus and 


its future 


Maria Michejda, M.D., John T. Queenan, M.D., and David McCullough, M.D. 


Washington, D. C. 


At a time when the intrauterine diagnosis of hydrocephalus is common and pioneering efforts of antenatal 
therapy are evolving, an assessment of intrauterine treatment of this disorder becomes pertinent. 
Consequently, the current status of the intrauterine treatment of fetal hydrocephalus is presented. The new 
data from the International Fetal Surgery Registry at the University of Manitoba in Winnipeg are discussed. 
The technical problems of antenatal shunting, the clinical trials, and experimental treatment are assessed. 
The prognostication and possible new approaches in intrauterine treatment of hydrocephalus are 
presented as well as the new diagnostic and surgical techniques. The outcome of the antenatal diagnosis 
and treatment of fetal hydrocephalus is evaluated. (Am J OBSTET GYNECOL 1986;155:873-82.) 


Key words: Hydrocephalus, surgery, fetus, humans, monkeys 


Advances in diagnostic and surgical techniques have 
provided a new basis for prevention of certain congen- 
ital defects by intrauterine therapy. Increasing numbers 
of fetal deficiencies are now treated effectively by an- 
tenatal drug administration to the pregnant mother or 
directly to the fetus. Medications and nutrients can also 
be injected effectively into the amniotic fluid.'"'” 

At the present time the treatment of genetic diseases 
by such novel techniques as stem cell reconstitution or 
genetic manipulation remains entirely experimental." 
In utero correction of anatomic malformations that in- 
terfere with fetal development requires the develop- 
ment of new surgical techniques and special expertise. 
Fetal blood transfusion performed in 1963 by Liley in 
New Zealand was the first effort in successful fetal 
surgery.'* More recently, serious considerations have 
been given to surgical correction in utero of such con- 
genital malformations as hydrocephalus, resulting in 
brain damage, neurologic deficits, and frequently se- 
vere mental retardation'**’; hydronephrosis, leading to 
progressive renal dysfunction*'**; diaphragmatic her- 
nia, resulting in pulmonary compression and hypo- 
plasia*'*’; and spina bifida, which results in severe neu- 
rological deficits.** *" 
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Successful in utero therapy is aided by several 
unique factors, including the fetomaternal immune 
surveillance system, regeneration and _ redifferentia- 
tion potential during gestation, high vascularity of the 
tissue, and fetal growth factors that promote rapid 
healing.” 

Fetal treatment is not a new concept but has only 
recently gained momentum. In 1982, 29 international 
experts on fetal medicine met in California. Among 


other things, it was decided to establish a registry of 


fetal treatment to monitor the various experimental 
treatment protocols. The second meeting of the fetal 
therapy group in 1983 was much larger and resulted 
in the formation of the Society of Fetal Medicine. An- 
other important accomplishment of the first meeting 
in California was to establish a set of general and spe- 
cific criteria for fetal treatment.” 

The general criteria are as follows: 

Examination consists of level II sonographic exam- 
ination, amniocentesis for karyotype, a-fetoprotein 
and/or acetylcholinesterase screening, viral cultures, 
and family consultation. Careful selection of fetal pa- 
tients is based on team opinion involved in antenatal 
treatment, natural history of the fetal defect, exclusion 
of severely affected fetus that will not benefit from 
antenatal treatment because of already existing irre- 
versible damage, and exclusion of mildly affected fetus 
that will benefit from postnatal treatment. Consulta- 
tions are concerned with legal arrangements and family 
commitments for long-term follow-up. 
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Fig. 1. Ventriculoamniotic shunt (modified second-generation 
shunt). 


The specific criteria for intrauterine treatment of hy- 
drocephalus are as follows: (1) ventriculomegaly with 
no evidence of multiple malformations, (2) affected fe- 
tus too young for early delivery (before 30 weeks), (3) 
sonographic evidence of continued ventricular enlarge- 
ment and decrease of cortical mantle, (4) singleton 
pregnancy, (5) patients understanding of the experi- 
mental treatment by the team of experts, and (6) pa- 
tient’s commitment for long-term follow-up. 

A consensus was reached at the first meeting that an 
institution undertaking fetal operations must meet cer- 
tain standards. It must have a high-risk obstetric unit 
and a level 3 intensive care nursery. Moreover, since 
fetal treatment involves two patients, it requires a well- 
organized team effort with ready access to various spe- 
cialists. Among these are an obstetrician experienced 
in intrauterine fetal blood transfusions and surgical 
procedures, a pediatric neurosurgeon, a pediatric sur- 
geon with expertise in the treatment of preterm new- 
born infants, a sonographer experienced in the diag- 
nosis of fetal anomalies, a geneticist, an obstetric and 
neonate anesthesiologist, and a neonatologist. Support 
from the mental health staff and access to bioethical 
consultation should also be available. In fact, the hope 
for progression of fetal treatment from an experimen- 
tal to a routine approach depends very much on co- 
operation among these experts. In the United States 
there are seven well-established fetal program cen- 
ters—at the University of Colorado in Denver, Uni- 
versity of California in San Francisco, Harvard Uni- 
versity, Yale University, Georgetown University, and 
Chicago. Canada has centers at the Universities of Man- 
itoba, Toronto, and Montreal. There are several Eu- 
ropean centers such as ones in Bologna, Bonn, Paris, 
Zagreb, the University of Copenhagen, and King’s Col- 
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lege in London. One of the first centers was in Auck- 
land, New Zealand, and there is one in Sydney, Aus- 
tralia, in Israel, and in Chile. 

The general purpose of this paper is to evaluate the 
present status of intrauterine treatment of hydroceph- 
alus. An attempt will be made to assess the outcome of 
human clinical trials and of experimental approaches 
with use of animal models. It is hoped that these data 
may suggest a direction for future developments in this 
area. 


Material and method 


Antenatal treatment of fetal hydrocephalus in non- 
human primates. Some years ago we initiated studies 
on antenatal diagnosis and treatment of hydrocephalus 
with use of the rhesus monkey model. Those studies 
have yielded some interesting data on the feasibility of 
intrauterine treatment. 

Thirty experimental and 23 control cases of fetal 
hydrocephalus, induced by administration of triamcin- 
alone acetonide to pregnant mothers, were treated 
in utero by shunting of the cerebrospinal fluid from 
the ventricles to the amniotic sac. The resulting arrest 
in the progression of intracranial pressure was suc- 
cessful in preventing damage to the brain. The most 
effective protocol for induction of hydrocephalus in- 
volved injection of triamcinalone acetonide three times 
(10 mg/kg) on alternate days of pregnancy.” The dis- 
order was induced with an efficiency >90%. Seven 
pregnancies were lost during early gestation because of 
spontaneous embryonic resorption, abortion, or death 
in utero. Antenatal detection of induced hydrocephalus 
included conventional antenatal diagnostic methods 
such as measurements of maternal serum a-fetopro- 
tein, sonography, radiography, and fetoscopy. The dis- 
tribution of animals treated in utero is shown in Table 
[A and B. 

The intrauterine treatment of hydrocephalus was 
preceded by measurements of fetal intracranial cere- 
brospinal fluid pressure. Access to the fetal cranium 
was obtained by standard hysterotomy™ between ges- 
tation days 115 and 125 (term, 164 + 5 days). The path 
of the probe was uniform in all surgical procedures. 
The cranial vault was exteriorated and punctured 3 mm 
lateral to the anterior fontanelle, with penetration 
14 mm into the anterior horn of the lateral ventricle. 
Intracranial pressure was measured immediately to 
minimize surgical trauma and avert the effects of uter- 
ine contractions. 

The average intracranial pressure in normal fetal 
skulls (between 115 to 125 days of gestation) was found 
to be 55 to 60 mm H,O, while in hydrocephalic fetuses 
the range was 100 to 250 mm H,O. 

Excessive cerebrospinal fluid in fetal hydrocephalus 
was treated with a specially designed antenatal shunt 
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Table IA. Induced* hydrocephalus treated in utero 









Gestational age during 
triamcinolone acetonide 
treatment 















Gestational age at 
operation 






Hydrocephalus stigmas before shunting 


oe er eo 


Development 





Outcome 





15 18, 20, 22 4 115 15 Encephalocele of various 13 Normal 
7 120 sizes l Slow development 
4 125 2 Lost in operation 
15 21, 23; 25 4 115 15 Open cranial sutures and 15 Normal 
6 120 unfused fontanelle 
5 125 





*A total of 30 animals were treated with triamcinolone acetonide 


procedures. 


Table IB. Induced* hydrocephalus not treated in utero 


Gestational age at 
triamcinolone 
acetonide 
administration 


15 18, 20, 22 
and cranium bifidum 


4 Fetal waste 
15 why 23, 25 10 Severe hydrocephalus 


2 Moderate hydrocephalus 
3 Fetal waste 


Hydrocephalic stigmas at birth 


A CS A RNS 


Severe hydrocephalus with encephalocele 6 


and shunted in utero; of these, two died as a result of surgical 





Neurological complications 
Outcome 


Meningitis, seizures, partial cortical 
blindness 

Died in 2-14 days post partum 

5 Operated on (cranioplasty), total 
blindness, delayed motor devel- 
opment 

10 Seizures, lethargy, muscle weak- 

ness, frequent seizures 
2 Slow neurobehavioral develop- 
ment, infrequent seizures 


*A total of 30 animals were treated with triamcinolone acetonide; of these, 23 survived to birth and seven died in utero. 


(Fig. 1), the design and mechanism of which has been 
described in detail elsewhere.” When cerebrospinal 
fluid pressure exceeded 60 mm H,O, the ports opened 
to vent excess cerebrospinal fluid from the fetal ven- 
tricular system into the amniotic fluid. Periodic x- -ray 
films of the fetus in utero showed that the shunt re- 
mained in place. Each infant was delivered by cesarean 
section to avoid the potential risks of vaginal deliveries. 

Antenatal treatment of human fetal hydrocephalus. 
The first attempts at intrauterine treatment of fetal 
hydrocephalus were carried out at Harvard Univer- 
sity." This was limited to sonographically guided en- 
cephalocentesis, the purpose of which was to decom- 
press the hydrocephalic fetal cranium. Unfortunately, 
the cerebrospinal fluid reaccumulated rapidly, and the 


hope for beneficial decompression and prevention of 


the damage to the cortical mantle was never accom- 
plished. It thus became obvious that continuous eval- 
uation of cerebrospinal fluid was needed, and the best 
way to do that was to implant a one-way valve into the 
fetal skull. 

The first application of an indwelling shunt in the 
treatment of fetal hydrocephalus was made at the Uni- 


versity of Colorado School of Medicine in Denver at 
about the same time that we were testing our shunt 
at National Institutes of Health. The Denver shunt 
(Fig. 2) was a one-way valve made of silicone, which 
was installed in the fetal cranium with use of the 
needling technique. This technique is used in most clin- 
ical procedures for intrauterine treatment of hydro- 
cephalus. A 13-gauge needle, fitted with a pointed sty- 
let, was introduced into the amniotic sac via the ma- 
ternal abdominal and uterine walls and then inserted 
into the cranium of the fetal skull in the parietal region 
(above the trigone). The shunt was then pushed 
through the needle into the lateral ventricles with use 
of a second blunted stylet. Finally, the needle and the 
stylet were withdrawn. Approximately one third of the 
inserted catheter was left in the posterior horn of the 
ventricle while the remainder floated freely within the 
amniotic fluid. With small variation this basic technique 
was used in all of the reported cases of attempts in 
intrauterine treatment of hydrocephalus. The principle 
variation was that a simple silicone rubber catheter was 
used sometimes in place of the one-way valve such as 
the Denver shunt. Also, the number of placement trials 





876 ° Michejda, Queenan, and McCullough 


October 1986 
Am J Obstet Gynecol 





mf Z 


|" T 
1 bao eee oe E bE 


wh OL se Be 


Fig. 2. Denver shunt. 





Fig. 3. Hydrocephalic neonatal monkey. Note teratogen-in- 
duced hydrocephalic stigmas. 


into the same fetus and the gestational age at the ume 
of the procedure had varied. It is shown in Tables H 
and III. 


Results 

Animal studies. Triamcinalone acetonide—induced 
fetal hydrocephalus in monkeys was associated with 
various cranial malformations such as encephalocele, 
cranium bifidum, and some visceral malformations. 
The extent of the malformations was directly related 
to the gestational time of teratogen administration. In 
all cases, when the teratogen was administered on ges- 
tational days 18, 20, and 22, extensive occipital bone 
hypoplasia resulting in large cranium bifidum and en- 
cephalocele associated with hydrocephalus were ob- 
served. In those animals in which the teratogen was 
injected later, hydrocephalus occurred with less severe 
or no cranial malformations. The antenatal diagnostic 


Table II. Antenatal diagnosis and treatment 
of hydrocephalus 


| Measurement 


Patients diagnosed (n) 42 
Gestational age of group | 25 + 2.13 
(wk) 
Range 18-31 
Gestational age of group 2 at 2 ew 
(wk) 
Range 23-33 


Interval between diagnosis and 21-4 42m 
treatment (wk) 


Range 1-7 





techniques proved to be quite reliable. The hydro- 
cephalus associated with cranium bifidum and enceph- 
alocele resulted in abnormal elevations of a-fetoprotein 
levels in the maternal serum. Intrauterine sonography 
was an early indicator of ventricular dilatation. Sono- 
grams were reliable diagnostically by about day 60 of 
monkey gestation. Later, when ossification of fetal cra- 
nial bones had progressed, sonography confirmed the 
disproportionate parietal diameters and demonstrated 
encephalocele in the region of the occipital fontanelle. 
Fetoscopy allowed direct observation of the fetal corpus 
during initial manifestation of these malformations; 
both distention of the cranial vault and/or fissures of 
the neural tube were evident before 60 days in preg- 
nancy. 

Physical stigmas of hydrocephalic fetuses before 
treatment were similar to those observed in humans. 
Large heads with bulging of eyes, delayed ossification 
of cranial sutures, and protrusion of frontal bones were 
noted (Fig. 3). In all severe cases, cranium bifidum and 
large encephalocele (the sac contained two thirds of 
occipital lobes) were observed and were considerably 
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Fig. 4. Computerized tomographic scan of a neonate monkey shunted in utero on day 115 of gestation 


(term = 168 days). The brain shows homogenous density, normal ventricular size, and configuration. 


The density of the bony outline of the skull is normal. 


magnified in untreated hydrocephalic neonates. These 


newborn infants also revealed progressive muscular 


weakness with delayed motor-skilled development, and 
frequent seizures. 

In severe cases of hydrocephalus, death was noted 
frequently within 14 days after delivery. In contrast, 
the newborn infants treated in utero with our ventric- 
uloamniotic shunt demonstrated progressive physical 
dexterity and growth at normal rates, and no physical 
stigma or neurological deficit. 

The neuroradiologic follow-up by computerized to- 
mographic scans of treated and untreated hydroce- 
phalic monkeys showed rather striking differences. 

Among animals treated antenatally, the computer- 
ized tomographic scans showed well-developed brains; 
brain density was homogeneous and symmetrical, The 
ventricles were of normal size and configuration. Im- 


portantly, there was no encephalocele visible in any of 


these cases. (One infant had a minor skull defect ap- 
parently caused by delayed sutural fusion.) In contrast. 
computerized tomographic scans of untreated monkeys 
always exhibited a large fluid-filled cavity in the left 
occipitoparietal region; this lesion communicated with 
the ipsilateral ventricle region (Figs. 4 and 5). This was 
recognized as a porencephalic cavity involving the en- 
tire thickness of the brain parenchyma." Both lateral 
ventricles were enlarged, although the left was much 
more affected than the right. The third and fourth 
ventricles were abnormal on the basis of postmortem 


Table III. Intrauterine treatment of 


fetal hydrocephalus 





No. of 


CASES 






Total registered by International 42 
Registry in Manitoba 

l'reated by chronic ventricu- 40 
loamniotic shunt 

Treated by serial ventriculocen- 2 


tesis (3-6 procedures) 


Sa 


anatomic findings. In addition, there was frequently 
another abnormal area of low density on the medial 
aspect of the right occipital lobe alongside the posterior 
falx; it appeared to contain cerebrospinal fluid and 
merged with the subarachnoid space of the interhem- 
ispheric fissure. This lesion may represent incomplete 
development of the right occipital lobe. Finally, bone 
defects of various degree were apparent along the mid- 
line of the occipitoparietal region, most notably, cra- 
nium bifidum. The size of the defects appeared to be 
dependent on dose. In all cases of extensive bone loss, 
most the occipital lobes herniated from the cranial cav- 
ity into the sac of the encephalocele, whose size was 
directly related to the magnitude of the intracranial 
pressure. 

The gross and microscopic examination of the co- 
ronal sections of the treated brains exhibited normal 
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Fig. 5. Computerized tomographic scan of a neonatal monkey showing a teratogen-induced large 


fluid-filled cavities. These lesions communicate with ipsilateral ventricles, which are enlarged (lower, 


right section). 


structural development and cytoarchitecture. In con- 
trast, examination of the coronal sections of the un- 
treated brains revealed thinned cerebral mantle, di- 
minished and laterally displaced demyelinated white 
matter, and corpus collosum. The lateral and third ven- 
tricles were enlarged and the choroid plexus displaced 
(Figs. 6 and 7). Extensive cavitations and porencephalic 
lesions were observed in the surrounding brain paren- 
chyma. The cytoarchitecture of the gray matter was 
rather normal and well preserved. The gross exami- 
nation of both hemispheres showed less convolutions 
indicating distortion in gyral formation.” 

Human studies. To date, reports of 44 fetuses 
with ultrasound-diagnosed hydrocephalus have been 
treated in utero. Thirty-six of the 44 fetuses survived 
after treatment, and eight fetuses died during treat- 


ment or within 2 to 3 months post partum. Four of 


these deaths may be considered a direct result of treat- 
ment: in one instance fetal death occurred during shunt 
placement, and the other deaths resulted from pre- 
mature labor and chorioamnionitis, developing with 48 
hours of shunt placement. Three deaths were a direct 
result of associated major multiple anomalies of the 
cardiac, gastrointestinal, and pulmonary system. One 
neonatal death was due to associated central nervous 
system anomalies such as holoprosencephaly. 
Although the postnatal mortality of in utero—treated 
hydrocephalic fetuses was low, the morbidity was rather 


high. The postnatal follow-up indicated that 12 babies 
were completely normal. Four babies exhibited mild 
developmental or neurological deficit (one of them had 
lumbar myelomeningocele). Eighteen babies showed 
severe deficits. In this group, fetal hydrocephalus was 
associated with multiple central nervous system or 
other malformations such as porencephaly, holopros- 
encephaly, diaphragmatic hernia, arthrogryphosis mul- 
tiplex congenita, and trisomy 21 (Table IV). 


Comment 


Our experimental animal data show that when pro- 
gressive hydrocephalus is arrested by intrauterine 
treatment, fetal brain tissue resumes its ability to grow 
rapidly and to reorganize its cytoarchitecture. This ac- 
tivity is clearly evident on brain computerized tomo- 
graphic scans." Similar observations were made by Ep- 
stein and colleagues™ * several years ago. Their study 
described extensive postnatal restoration of the cortical 
mantle in severe feline hydrocephalus induced by in- 
tracisternal injection of kaolin. Recently Edwards and 
colleagues” obtained similar results based on the tech- 
nique of mechanical obstruction of cerebrospinal fluid 
flow at the outlet foramina of the fourth ventricle in 
fetal lambs and monkeys. Although the technique is 
not suitable for longitudinal observations, particularly 
in utero, because of the highly inflammatory effect on 
the brain parenchyma and high rate (60% to 70%) af 
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Fig. 6. Frontal section through the diencephalon of a neonatal monkey which was treated in utero 
at 116 days. The size and shape of the lateral ventricles appear to be normal; choroid plexus is 
present with some dilated vessels on surface of ependymal layer. The fornix, septum pellucidum, 
and anterior commissure are normal in appearance. 





Fig. 7. Frontal section through the diencephalon in an untreated neonatal monkey. Note the enl 


arged 


lateral ventricles with cellular aggregates in the ependymal layer. The choroid plexus is absent: in 
addition, the development of fornix and septum pellucidum appears abnormal. Dilatation of small 
blood vessels appears to be increased in both gray and white matter. 


mortality, the final results of in utero shunting of ka- 
olin-induced ventriculomegaly were similar to our ear- 
lier observations in the corticosteroid-induced malfor- 
mations. 

The inflammatory effects of the kaolin on immature, 
poorly myelinated fetal white matter cause severe at- 
tention of the same in the periventricular area, as well 
as gliosis on the subcortical white matter and corpus 
collosum. The effects make the kaolin injection method 
unsuitable for evaluation of cytoarchitectural changes, 
hence it is a poor model for the study of antenatal 
treatment of hydrocephalus. 


Our experimental studies have demonstrated that 
fetal hydrocephalus can be successfully treated in utero. 
The key feature of the successful treatment is the 
implantable valve (ventriculoamniotic shunt) whose 
proper placement in the fetal ventricles results in the 
arrest of the symptoms of fetal hydrocephalus. The 
outcome of our intrauterine treatment obtained to date 
is most encouraging. The design of our shunt is simple 
and not subject to mechanical failure (obstruction). 
This design appears to offer significant advantages over 
the fetal shunts in current use. 

The dynamics of structural and morphologic recov- 
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No. of 


cases 











Diagnosis Normal 


32 14 


Aqueductal stenosis 


Dandy-Walker syndrome 

Holoprosencephaly 

Arnold Chiari syndrome 

Porencephalic cyst 

Diaphragmatic hernia 

Arthrogryposis multiplex 
congenita 

Multiple cardiopulmonary 4 - 
defects 

Myelomeningocele l — 

Trisomy 21 l - 


Total (%) 44 (100) 14 (31.8) 


Mild 
deficit 


l 


4 (9. 
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Table IV. Outcome of intrauterine treatment of hydrocephalus 















Neonatal 


death 


Severe 
deficit 






Fetal death 


16 3 l 
(premature labors and 
chorioamnionitis) 

l 
(brain stem injury) 

- - l 
| = e 
| sa = 
- -— l 
- - l 
| = a 

5) 18 (41.1) 4 (9.5) 4 (9.5) 


«Of the 44 cases 29 were treated in the United States and five cases were treated in Bologa, Italy. 


ery of neural tissue in fetal hydrocephalus treated 
in utero is very significant and probably due to the rapid 
growth and plasticity of the fetal immature neural tissue 
and its capacity of cytoarchitectural reorganization." " 

The underlying mechanism of triamcinalone aceto- 
nide—induced hydrocephalus in the rhesus model has 
not been completely elucidated. A more complete pic- 
ture will emerge when experiments involving morpho- 
logic staging in hydrocephalic embryos are completed. 
However, at this point we can state a number of ten- 
tative conclusions. The teratogenic insult is effective 
only during early embryonic stages (stages 8 to 12; pre- 
somite to 29 pairs of somites). This period corresponds 
to the beginning of neural tube folding and the fusion 
of the anterior neuropore, in monkeys as well as human 
embryos. Triamcinalone acetonide induces significant 
alterations in notochordal configuration, such as the 
aforementioned defects of bending, deviation, etc. 
Thus the mechanism of the development of hydro- 
cephalus in our model closely parallels that previously 
observed in rodents" and monkeys." 

In clinical trials, success to date has not been uniform; 
poor patient selection and problems with the shunt de- 
sign have led to some failures. Additionally, unfamil- 
iarity with proper procedures tested on appropriate 


animal models and a general lack of understanding of 


the pathogenesis of hydrocephalus also contributed to 
the initial outcome of intrauterine treatment. The ob- 
jective assessment of intrauterine treatments will re- 


quire longer follow-up of treated children, some of 


whom are now reaching 4 years of age. Results will no 
doubt improve when some of the above-mentioned 
problems are resolved, including a better understand- 
ing of the natural history of this disorder. 

The initial strong enthusiasm and optimistic ap- 


proach noted at the first meeting of fetal therapy (Cal- 
ifornia, 1982) have diminished and replaced by more 
cautious attitudes observed at the last meeting in Jasper, 
Canada (June 1985). It is clear that at the present time 
objective evaluation and prognostication are impossible 
because of the complexity of fetal hydrocephalus mag- 
nified by above-mentioned problems involved in cur- 
rent treatment. It is recognized that the rationalization 
of treatment is currently quite difficult because there 
is inadequate information on which to base patient se- 
lection criteria and because of the uncertainty sur- 
rounding the diagnosis. The major problem seems to 
be inability (even with the best equipment available to- 
day) to make a precise anatomic diagnosis. In addition, 
there are unresolved technical problems with the place- 
ment of shunts and the maintenance of shunt position 
and patency. There is a consensus within the Fetal Med- 
icine and Surgery Society that simple needle placement 
of catheters is inadequate, since it requires repeated 
procedures with an unknown morbidity and mortality 
(Rodeck C, et al. Consensus on intrauterine treatment 
of hydrocephalus. Manuscript in preparation). 

At this stage of development the antenatal treatment, 
the intrauterine shunting, can only be regarded as in- 
vestigational. Moreover, it should be considered as an 
alternative to inaction or to therapeutic abortion in 
cases of progressive ventriculomegaly not associated 
with multiple central nervous system or other structural 
malformations. This procedure should be done with 
extreme caution in selected patients and after careful 
diagnostic evaluation and counseling. Further improve- 
ment in the diagnostic and shunting techniques is ur- 
gent because a sonographic diagnosis of fetal ventric- 
ulomegaly is a frequent indication for referral to fetal 
assessment centers, which means that difficult choices 
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will continue to have to be made by physicians and 
families. In particular, close interaction between obste- 
trician and neurosurgeon will be needed for those de- 
cisions. 

However, further advancement in the diagnostic and 
shunting techniques as well as a clear understanding of 
the pathophysiology of fetal hydrocephalus will provide 
better prognosis for intrauterine treatment in selective 
patients. The present controversy over the benefits of 
the antenatal treatment of hydrocephalus is very similar 
to the early days of intrauterine blood transfusions, 
when poor patient selection and inadequate surgical 
techniques resulted in most discouraging outcome of 
that treatment." Subsequent advances provided the 
basis for current acceptance of this procedure as a treat- 
ment of choice for potentially fatal Rh disease. In the 
case of hydrocephalus, improvements in the outcome 
of postnatal shunting also reflect the surgical improve- 
ments achieved over the last 10 years.'*°° 

With regard to the intrauterine treatment of hydro- 
cephalus, it is the recent consensus of the workers in 
the feld (represented at Jasper conference) that the 
placement of the shunting with use of sonographically 
guided needles is not a good method. The immediate 
reason for it is that the shunt frequently is blocked by 
glial tissue, and it is also easily displaced by fetal move- 
ments. In contrast, the percutaneous placement of cath- 
eters for the fetal treatment of obstructive uropathies 
appears to be an effective method. It seems that one 
Important reason for the early failures has been the 
fact that various procedures have been attempted with- 
out the benefit of adequate testing in a relevant animal 
model. The need for such testing cannot be overem- 
phasized. It seems self-evident that a development of 
surgical techniques requires some trial-and-error. How- 
ever, a great deal of uncertainty can be removed if a 
substantial part of this development is performed on 
animals. 

The inadequacy of the current methods of shunting 
in hydrocephalus suggests that the open technique via 
uterotomy may be a more effective method for place- 
ment of appropriate ventriculoamniotic shunt and may 
in fact become the treatment of choice for well-selected 
progressive fetal hydrocephalus. Such techniques have 
been well tested in animals and have resulted in suc- 
cessful arrest and amelioration of this disorder. 

Two decades ago the open technique was used with 
mixed success in intrauterine blood transfusion.®' Re- 
cently, however, this technique is considered as the only 
possible procedure for intrauterine treatment of dia- 
paragmatic hernia and spina bifida. Moreover, Harri- 
son and colleagues” * reported the successful survival 
of a 21-week-old fetus after bilateral ureterostomies at 
21 weeks. The infant was delivered by cesarean section 
at 35 weeks. 
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The open technique requires special consideration 
of preoperative and postoperative patient care. More- 
over, during the surgical procedure, special attention 
needs to be paid to the tocolytic agents that will suppress 
uterine contractions triggered by a direct surgical stim- 
ulus to the gravid uterus. The risks of the open tech- 
nique can be compared with cesarean section. In spite 
of the wide use of the latter, there is a remarkably low 
incidence of mortality. Whereas morbidity is much 
more common, it can be effectively treated. The ma- 
ternal illnesses and poor surgical skills are major factors 
recognized in mortality and morbidity.” Moreover, the 
demographic features, preoperative and postoperative 
patient care have major impact on the outcome of single 
or repeated cesarean sections. In the case of repeated 
cesarean sections, the rupture of the uterine scars 
caused by middle-line classical incision are more fre- 
quent than low transverse incision scars.’ Thus the 
recent expression of disillusion with the long-term ben- 
efits of antenatal treatment are premature. The concept 
is sound and justifiable, and the current problems are 
those common to pioneering etforts.°' * Additional 
hands-on experience, particulary with use of relevant 
animal models, will help to resolve technical problems 
involved in intrauterine shunting. It may make this 
approach truly important—perhaps the first-choice 
method of treatment. 

Intrauterine treatment has broad implications in 
terms of legal and moral problems, some of which 
have yet to be resolved.” In all cases in which in utero 
surgical treatment is contemplated, it must be justifiable 
on the basis of biologic feasibility and bioethical ac- 
ceptability. As in any procedure, the guiding criterion 
has to be that the contemplated treatment significantly 
enhances the possibility of a more positive outcome 
over that of some other course of action. 
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Hemodynamic effects of intravenous cocaine on the pregnant 


ewe and fetus 


Thomas R. Moore, M. D., Joan Sorg, A.H.T., Laurie Miller, M.D., Thomas C. Key, M.D., 


and Robert Resnik, M.D. 
San Diego, Cahfornia 


Cocaine is a potent vasoconstrictive agent that is currently the subject of widespread drug abuse. Because 
little is known of the physiologic responses to cocaine in pregnancy, the effects of intravenous cocaine on 
uterine blood flow anc other maternal and fetal cardiovascular parameters were studied. Eight ewes in late 
pregnancy were equipped with electromagnetic flow probes around both uterine arteries and catheters 
were placed in the maternal and fetal inferior vena cavae and aortas. Bolus intravenous infusion of 0.5 and 
1.0 mg/kg of maternal body weight achieved peak plasma cocaine levels similar to those observed in 
human subjects after abuse of the drug (mean lève! = 229 to 400 ng/ml, n = 8). After bolus infusion of 
0.5 or 1.0 mg/kg of cocaine, mean maternal arterial pressure increased 32% and 37%, respectively 

(p < 0.005). Fetal blood pressure rose 12.6% after a dosage of 0.5 mg/kg of cocaine. These cocaine 
infusions significantly decreased uterine blood flow by 36% and 42% for a duration of 15 minutes 

(p < 0.005). Analysis of maternal catecholamine | responses demonstrated a significant (210%) rise in 
plasma norepinephrine levels after cocaine infusion. These studies demonstrate that cocaine, when 
administered in doses that produce plasma levels observed in humans, significantly decreases uterine 
blood flow for a duration of 215 minutes while inducing a hypertensive fespgnee in the pregnant ewe and 


fetus. (Am J Osster GynecoL 1986;155:883-8.) 


Key words: Cocaine, pregnancy, uterine blood How, pharmacology, catecholamines, drug 


abuse 


Cocaine is used as a substance of recreational abuse 
by a growing number of reproductive aged women. Al- 
though the extent of the cocaine-using pregnant pop- 
ulation is difficult to estimate, recent case reports" ° 
have linked cocaine use to abruptio placentae and fetal 
death. Unfortunately, very little information is available 
concerning the pharmacologic effects of cocaine in 
pregnancy. Nevertheless the risks of cocaine abuse to 
maternal and fetal health are the subject of consider- 
able speculation because of. the relatively widespread 
use of cocaine. Because of the well-documented vaso- 
constrictive properties of cocaine, it seems plausible 
that cocaine may impair fetal homeostasis by inducing 
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vasoconstriction in the uterine vascular bed. To test this 
hypothesis, we studied the effects of intravenous co- 
caine, given in dosages customarily used in human “rec- 
reational use,” on uterine blood flow and maternal and 
fetal cardiovascular parameters in chronically instru- 
mented pregnant ewes. 


Methods 

Chronic sheep preparation. The animal model used 
in these studies has been described in detail in previous 
reports.” * Ewes with time-dated pregnancies and a sin- 
gle fetus were anesthetized with subarachnoid block 
anesthesia (10 mg of tetracaine) supplemented with 5 
mg of intravenous pentobarbitol per kilogram of body 
weight. Through a midline abdominal incision, the 
uterus was exposed and electromagnetic Row probes 
were placed around both uterine arteries approxi- 
mately ‘3 ‘cm proximal to the artery bifurcation. The 
uterus was opened, and fetal hind limb vessels were 
cannulated with polyvinyl catheters (inside diameter 
0.86 mm, outside diameter 1.52 mm). The cannulas 
were advanced approximately 8 cm into the fetal in- 
ferior vena cava and descending aorta. The maternal 
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Fig. 1. Maternal plasma cocaine levels 5 minutes after intravenous bolus cocaine infusion. Bars 
represent mean values and SEM. Six experiments were conducted at each dosage. 


Table I. Maternal and fetal plasma cocaine 
levels | 







tA 
(min) 





Maternal plasma cocaine level ( ng/ml, meen + SEM, 


N = 6) 
0.3 — 229 + 81 17 + 12 7.8 
0.5 405 + 72 83 + 34 12.9 
1.0 746 + 203 58 + 12 8.2 
Fetal plasma cocaine level (ng/ml £ SEM, N = 8) 
ll + 14 12.5 


0.5 ` 46 + 31 


femoral vessels were cannulated in a similar manner. 
The catheters were tunneled subcutaneously into the 
flank and brought out into a cloth pouch sewn to the 
skin. The animals were housed in stainless steel stalls 
and given feed and water as desired. All studies were 
performed after the third postoperative day when 
blood flow signals and fetal blood gases were stable. A 
total of 89 hemodynamic experiments were performed 
in seven ewes varying in gestational age from 110 to 
145 days. | | 

Blood flow and pressure measurements. Uterine 
blood flows were measured by means of square-wave 
electromagnetic flow meters (Micron R.C. 1000, Micron 
Instrument Company, Los Angeles, California). Arte- 
rial and venous pressures were measured with Statham 
p23Db. pressure transducers (Statham Instruments, 
Inc., Oxnard, California) positioned at the level of the 
heart. The data were electronically integrated and dis- 
played on a pen recorder. Fetal and maternal cardio- 
vascular responses were evaluated for absolute and per- 
cent changes in mean arterial blood pressure, systolic 
pressure, pulse pressure, and systemic venous pressure. 
Cardiovascular changes were correlated with’ the 


changes observed in plasma cocaine concentration and 
uterine blood flow. . 
During five experiments, cocaine infusion was pre- 
ceded by bolus intravenous administration of an a- 
blocker, phentolamine mesylate, 3 mg (Ciba-Geigy 
Corp., Summit, New Jersey), followed by a constant 
infusion of 2 mg during the subsequent 30 minutes. 
This dosage was previously shown to block completely 
the 55% decrement in uterine blood flow associzted 
with a bolus intravenous infusion of 0.5 wg/kg of nor- 
epinephrine. | 
Plasma cocaine levels. The dose of cocaine :hat 
would produce plasma levels in pregnant sheep similar 
to those observed in humans-after “recreational” use 
was determined in a series of graded intravenous in- 
fusions. Cocaine hydrochloride was dissolved in C.9% 
saline solution (10 mg/ml) and infused into the mater- 
nal inferior vena cava during 1 minute. Fight experi- 
ments were performed at each cocaine dose of 0.3, 0.5, 
and 1.C: mg/kg of maternal body weight. Blood samples 
for measurement of plasma cocaine and the metabolite 
benzoyl] ecgonine were obtained From the maternal ve- 
nous circulation at time 0 and 5 and 30 minutes after 
cocaine infusion. In eight separate experiments, sam- 
ples were obtained from the fetal venous circulation at 
5 and 30 minutes after infusion. Specimens were col- 
lected in heparinized tubes pretreated with sodium flu- 
oride to inhibit hydrolysis of cocaine. Samples were 
then analyzed in the laboratories of the Center for Hu- 
man Toxicology with a method similar to that originally 
described by Jatlow and Bailey.’ Briefly plasma WES ex- 
tracted in hexane~ethyl acetate after akalinization with 
1.0N sodium hydroxide. The plasma cocaine concen- 
tration was determined with gas chromatography—mass 
spectrometry with the use of ammonia-positive chem- 
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ical ionization. As an internal check, the concentration 
of the major metabolite, benzoyl ecgonine, was also 
determined. Results were expressed in nanograms per 
milliliter. | 
_ Determination of the sampling interval was based on 
previous: human data that demonstrated peak cocaine 
levels within 5 minutes of intravenous administration. 
Fischman. et al.° administered blinded dosages of co- 
caine to habitual users and concluded that in human 
subjects an “average” recreational dose of illicit cocaine 
equated with approximately 30 mg of pharmacy-grade 
drug. Subsequently, Javaid et al.” demonstrated that the 
peak plasma level observed in volunteers during intra- 
venous infusion of 32 mg of cocaine was approximately 
300 ng/ml. The elimination half-life of cocaine was 41 
minutes. These investigations suggested that a dose of 
0.5 mg/kg in the pregnant sheep preparation would 
approximate the plasma levels experienced during il- 
licit cocaine use in man. 

Catecholamine analysis. Paired aliquots (5 ml) of 
aortic blood were removed for catecholamine deter- 
mination during the baseline control period and 5 min- 
utes after infusion of cocaine. The 5-minute sampling 
point was selected to coincide with the observed nadir 
in uterine blood How. Catecholamine levels (epineph- 
rine and norepinephrine) were determined with the 
use of high-pressure liquid chromatography with elec- 
trochemical detection. The samples were acidified 
with 60% perchloric acid containing glutathione and 
ethyleneglycol- bis(B-aminoethyl ether)-N,N’-tetraacetic 
acid and centrifuged. The catecholamines in the su- 
pernatant were extracted with alumina at pH 8.6. Di- 
hvdroxybenzylamine was added as internal standard. 
The catecholamines were eluted off the alumina with 
0.1N.perchloric acid and injected into a high-pressure 
liquid chromatography reverse-phase C-18 column. 
Separation of the catecholamines was achieved with a 
mobile phase containing 0.25% heptanesulfonic acid 
and 5% acetonitrile. With this procedure, nonoverlap- 
ping peaks for norepinephrine, epinephrine, and di- 
hydroxybenzlamine were generated. The concentra- 
tians of the catecholamines were determined by inte- 
grating the area under the peak with a Bio Rad Model 
339A integrator (Bio Rad, Inc., Richmond, California). 
Recoveries for the catecholamines averaged 70% and 
the sensitivity of the method, defined as twice the signal- 
to-noise ratio, was 10 pg for norepinephrine and epi- 
nephrine. 

Statistical analysis. The significance of differences 
in pretreatment and posttreatment physiologic mea- 
surements was analyzed with the Student é test or anal- 
ysis of variance where appropriate. 


Results 


. Plasma cocaine levels. The results of analysis of peak 
maternal plasma cocaine levels obtained after bolus in- 
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Fig. 2. Maternal and fetal cardiovascular responses to cocaine 
infusion. @; Maternal uterine artery blood flow after infusion 
of 0:5 mg/kg of cocaine during | minute. 6, Mate-nal mean 
arterial blood pressure response to cocaine infusion. c, Fetal 
arterial (systolic/diastolic) pressure response to infusion of 0.5 
mg/kg of cocaine. 


fusion are presented in Fig. 1. These data indicate that 
peak cocaine levels achieved in the maternal ewe are 
very similar to peak levels obtained in human male 
volunteers (250 to 400 ng/ml) by previous investiga- 
tors." ’ In all subsequent studies, the dose of 0.5 mg/ 
kg was considered representative of the dose most fre- 
quently used in human cocaine abuse. 

As shown in Table I, maternal plasma cocaine levels 
after infusion fell to 7% to 20% of peak values by 30 
minutes. On the basis of two-point exponent:al phar- 
macokinetics, a half-life of cocaine in maternal sheep 
plasma of 10 minutes was obtained. 

Cocaine concentrations.observed in the fetal circu- 
lation (n = 6) after a 0.5 mg/kg dose were 46 8 ng/ml 
at 5 minutes and 11.8-ng/ml at 30 minutes. Since se- 
quential sampling of fetal plasma was not performed, 
it is not clear whether the 5-minute values represent 
peak levels. It is noteworthy, however, that fetal cocaine 
levels observed 5 minutes after maternal infusion were 
approximately 12% of simultaneous maternal levels. 
The two-point exponential kinetics model would pre- 
dict a half-life of cocaine in the fetal compartment of 
approximately 12 minutes. 

Cardiovascular effects. A representative composite 
of the maternal and fetal responses to 0.5 mg/kg is 
presented in Fig. 2. Within 1 minute of cocaine infu- 
sion, rapid elevation of mean maternal arterial pressure 
was observed. From a peak at 1 minute, mean maternal 
arterial pressure gradually fell toward baseline values 
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Fig. 3. Maternal mean arterial pressure (peak value) after bolus intravenous cocaine infusion. Bars 


represent mean values + SEM. N = 25. 
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Fig. 4. Decrement in uterine blood flow (percent decrease 
from baseline values) after bolus intravenous cocaine infusion. 
Bars represent mean values + SEM. N = 25. 


during the subsequent 10 minutes. Shoitly after the 
observed peak in mean maternal arterial pressure, uter- 
ine blood flow began to fall progressively, reaching a 
nadir after 4 to 7 minutes. Uterine blood flow slowly 
returned to baseline values during the ensuing 15 min- 
utes. Changes in fetal blood pressure occurred in a 
manner similar to that observed in the ewe but lagged 
behind the maternal changes by approximately 3 
minutes. 

Fig. 3 depicts the eleyation of mean maternal arterial 
pressure observed after each of the cocaine doses used. 
This represents increases in mean maternal arterial 
pressure of 12%, 32%, and 37% after 0.3, 0.5, and 1.0 





mg/kg of cocaine (p > 0.001 compared with bazeline 
values, paired ż). As shown in Fig. 4, the typical cccaine 
abuse dosage (0.5 mg/kg) decreased uterine blood flow 
to the pregnant horn by 36%. A log-linear dose-re- 
sponse:curve is demonstrated in Fig. 4 between cccaine 
dose and uterine blood flow response (Y = 29. 8 + 1.28 
log dose, r = 0.93, p<9.001). | 

Fetal cardiovascular responses to 0.5 mg/kg of co- 
caine are summarized in Table II. A significant rise in 
fetal blood pressure occurred after maternal cocaine 
administration, but the increment was smaller than that 
observed in the maternal circulation. The durat:on of 


‘this effect in the fetus was also shorter than the ma- 


ternal change. No changes in fetal pulse rate weze ob- 
served during the study period. 

-Cocairie effects on maternal plasina catecholamines. 
Maternal plasma catecholamine determinations before 
and during cocaine administration (8 minutes afer in- 
fusion) demonstrated a significant increase in plasma 
norepinephrine levels (Table III) to approximately 2.1 
times the baseline values (p < 0.004). Increases in 
plasma epinephrine levels were not statistically signif- 
icant. Despite a-adrenergic blockade sufficient to pre- 
verit levarterenol-induced uterine artery vasoconstric- 
tion, phentolamine infusion before and during cocaine 
administration had no effect on the magnitude or du- 
ration of the cocaine-associated fall in uterine blood 
flow. 


Comment 
‘Cocaine has been used extensively as both a <opical 
anesthetic and a vasoconstrictive medicine for more 


than a century, yet only recently has it been em dloyed 
for its psychoactive properties by a relatively wider seg- 
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ment of the population. Nevertheless, the mechanism 
of cocaine’s action as well as its relative activity in var- 
ious tissues continues to be controversial and poorly 
understood. Concerns regarding the potentially dele- 
terious effects of cocaine in human pregnancy have 
been voiced,'* yet specific data are scarce. The purpose 
of the present study was to elucidate the cardiovascular 
effects of cocaine use on the pregnant ewe and fetus. 
The principal findings, increased maternal and fetal 
mean arterial pressure and significantly reduced blood 
flow to the pregnant uterus, suggest that cocaine use 
may be dangerous in pregnancy. 

A central observation in this study was elevation of 
maternal and fetal arterial pressure with cocaine ad- 
ministration. The potent vasocontrictive effects of co- 
caine in vitro were documented by Crosby* in 1939. In 
1376 Fischman et al.° demonstrated an increase in heart 
rate (35%) and systolic blood pressure (15%) with in- 
travenous administration of cocaine to male human vol- 
unteers in amounts approximating abuse dosages. Sim- 
ilar results were obtained by Resnick et al.” The mech- 
anism by which cocaine mediates increased vascular 
tene has been considered to involve blockade of nor- 
epinephrine reuptake at adrenergic nerve terminals," 
thus increasing the catecholamine concentration at the 
vascular smooth muscle constriction site. Cocaine use 
may therefore induce elevated systemic catecholamine 
levels, which in turn mediate generalized vasoconstric- 
tion and elevation of systemic blood pressure. This view 
is supported by the work of Whitby et al." and Hertting 
et al." 

Previous investigations in human volunteers have 
documented marked cardiovascular changes after co- 
caine infusion,’ yet the specific relationship of these 
effects to catecholamine activity has not been ad- 
dressed. Indeed the paucity of controlled data con- 
vincingly linking cocaine and systemic arterial hyper- 
tension has led Byck et al.’* to caution that the increased 
pulse and blood pressure observed in humans given 


cocaine may be psychologically, not chemically, me- 


diated since placebo frequently produces the same re- 
sponses. Moreover, when Wurtman et al." investigated 
the role of cocaine-mediated smooth muscle contrac- 
tion in human uterine tissue in vitro, the “norepineph- 
rine uptake block” was not demonstrated. Similar neg- 
ative findings were described by Moisey and Tulenko," 
who noted that cocaine did not potentiate the effect of 
norepinephrine-mediated vasoconstriction in rabbit 
uterine arteries. 

In contrast to those studies,-our results show a dou- 
bling of circulating blood levels of norepinephrine (but 
not epinephrine) levels after cocaine administration. 
This supports the notion that cocaine-associated vaso- 
constriction in the ovine species is at least partially me- 
dizted by catecholamine potentiation and specifically 
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Table II. Fetal responses to maternal cocaine infusion | 
(dose: 0.5 mg/kg, N = 14) 





Onset of cardiovascular response (min) 4.1 + 2.4 
Duration of cardiovascular response (min) r&i 
Fetal baseline arterial pressure (torr) 55 + 7. 
Fetal peak arterial pressure (torr) 62 + 7.4 
Percent change in arterial pressure 12.60:4°9.2* 


*t = 4.95: p < 0.001. 


Table III. Maternal catecholamine responses 
to cocaine infusion (0.5 mg/kg) 


Control Infusion 
N | (mean + SEM) |(mean + SEM} |p Value 


982 + 188 2063 + 291 0.004 
66 + 14 254 + 73 0.19 





Catecholamine 





Norepinephrine 12 
Epinephrine 12 


blockade of norepinephrine reuptake. It is somewhat 
paradoxical therefore that a-receptor blockade with 
phentolamine did not affect the hypertension and va- 
soconstriction observed with cocaine infusion. The fail- 
ure of phentolamine pretreatment to block cocaine- 
associated hypertension and uterine vasoconstriction 
suggests that cocaine may exert its constrictive effect 
on the resistance arterioles via an additional mecha- 
nism, possibly at a site other than the a-receptor. Ad- 
ditional studies to elucidate the mechanisms of action 
of cocaine on uterine artery vasoconstriction are war- 
ranted. 

Given such potent vasoactive properties, cocaine 
poses a potential risk to the fetus through uterine artery 
constriction, reduction in uterine blood flow, and sub- 
sequent induction of fetal hypoxia. Although fetal 
blood gas studies were not performed in this investi- 
gation, the results clearly documenta hypertensive fetal 
cardiovascular response to maternal cocaine infusion. 
This finding confirms the work of Shah et al.'° These 
investigators determined the distribution of trittum-la- 
beled cocaine in pregnant rats after intraperitoneal in- 
jection. Cocaine levels in maternal tissues were noted 
to peak at 15 minutes and decline rapidly thereafter. 
Cocaine levels were highest per gram of tissue in the 
pregnant uterus (approximately twice the levels in 
brain and heart). Significant levels of tritiated cocaine 
were demonstrated in the placenta (0.8 of uterine 
levels) and fetal tissues (approximately 0.4 of maternal 
levels). | 

The values reported by Shah et al. are slightly higher 
than the levels detected in the fetal plasma in our ex- 
periments (12% of maternal levels). Notably cocaine 
levels in fetal rat tissues tended to remain at higher 
levels than those in the maternal tissues, suggesting a 
tendency to accumulate cocaine in the fetal compart- 
ment, The results of that study as well as ours suggest 
that cocaine may exert a direct effect on the fetal car- 
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diovascular system. Clearly, detailed studies of the 
pharmacokinetics and activity of cocaine in the fetus 
are necessary to address this issue. 

The present study of the effects of cocaine in the 
chronically catheterized pregnant sheep preparation 
suggests that (1) “recreational” doses of cocaine exert 
a considerable negative effect on uterine blood flow that 
lasts for approximately 20 minutes after intravenous 
administration; (2) cocaine readily passes into the fetal 
circulation from the maternal bloodstream, achieving 
levels about one eighth of those observed in the mother; 
and (3) cocaine induces secondary hypertensive effects 
on fetal cardiovascular homeostasis. While further 
studies to clarify the mechanism of action and potential 
dangers of cocaine to the fetus are indicated, sufficient 
data are now available to warrant a strong note of cau- 
tion to the use of cocaine in human pregnancy. 


We are especially thankful to Dr. Nora Chiang of the 
National Institute for Drug Abuse for her ongoing sup- 
port of this project, Dr. Cecilia Y. Cheung for analysis 
of catecholamines, and Dr. Rodger Foltz for analysis of 
plasma cocaine levels. 
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Fetal blood volume responses to acute fetal hypoxia 


Robert A. Brace, Ph.D. 
La Jolla and Loma Linca, California 


The purpose of this study was to explore the effects of acute hypoxia on the volume of blood circulating in 
the fetus. The oxygen content of air inspired by chronically catheterized, near-term pregnant sheep was 
reduced and supplemented with carbon dioxide in an attempt to maintain fetal carbon dioxide tension 
constant. Control fetal arterial oxygen tension averaged 22.3 + 0.7 (SE) mm Hg. During a 30-minute 
hypoxic period, reductions in fetal arterial oxygen tension by 2.4 to 12.5 mm Hg in individual animals were 
associated with decreases in fetoplacental blood volume of 1.1% to 14.3%. On the average (n = 14), fetal 
blood volume decreased by 6.7% + 0.8% when oxygen tension decreased by 7.7 + 0.9 mm Hg. Both 
arterial and venous pressures increased significantly during the hypoxic period. Upon the return to 
breathing of room air, there was a transient overshoot in fetal Po, of 1.0 + 0.4mm Hg at 10 minutes, but 
fetal blood volume did not return to normal until 30 minutes after the hypoxia. Thus, the data suggest that 
acute fetal hypoxia causes rapid and sustained reductions in fetal blood volume whereas volume returns to 
normal only slowly after elimination of the hypoxia. (Am J Osstet GYNECOL 1986;155:889-93.) 


Key words: Fetal blood volume, acute hypoxia, fetal arterial pressure, fetal venous pressure 


Hypoxia is widely recognized as being a severe and 
potentially lethal threat to the fetus. Because impair- 
ment of cardiovascular function may be involved in the 
detrimental effects of hypoxia, there have been nu- 
merous experimental studies of the effects of hypoxia 
on the fetal cardiovascular system. Most reports tndi- 
cate that hypoxia causes an increase in fetal arterial 
pressure." Heart rate decreases with moderate to se- 
vere hypoxia,’ but fetal tachycardia may occur with 
mild oxygen tension reductions.' Cardiac output un- 
dergoes a redistribution to favor organs such as the 
heart and brain, and reduction in cardiac output occurs 
with the more severe hypoxia.' These changes in car- 
diovascular function may be complicated by simulta- 
neous changes in fetal blood volume. However, there 
currently is little understanding as to whether there are 
hypoxia-induced changes in the volume of blood cir- 
culating in the fetus. 

In a review of blood volume in the fetus, Towell® 
noted that protein-rich plasma is lost from the fetal 
circulation during acute hypoxia. Although reports that 
fetal hematocrit*’ and hemoglobin concentration?” in- 
creased significantly during acute hypoxia support the 
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suggestion that fetoplacental blood volume decreased, 
there are also recent reports that fetal hematocrit,* ° 
hemoglobin concentration,” * and circulating blood 
volume” did not change significantly during acute hy- 
poxia. Thus information available in the literature is 
inconsistent with regard to whether fetal blood volume 
decreases during acute hypoxia. 

In an attempt to explore whether acute hypoxia in- 
duces changes in fetoplacental blood volume, the pres- 
ent study used a sensitive method that can detect small 
changes in circulating blood volume. In particular, the 
objective was to determine the time course of the 
changes in fetal blood volume as well as to determine 
the relationship between oxygen tension changes and 
blood volume changes. In addition, the time required 
for blood volume to return to normal following the 
hypoxic period was determined. 


Methods 


Fourteen time-dated pregnant sheep of a Columbia- 
Ramboulliet cross (Nebeker Ranch, Lancaster, Califor- 
nia) with a single fetus were used for this study. Under 
inhalation anesthesia (1% to 2% halothane in 40% oxy- 
gen and balance of nitrous oxide), indwelling catheters 
were implanted in the fetus by means of strict aseptic 
procedures as described elsewhere.’ Briefly stated, 
through a midline abdominal incision the uterus was 
located and a fetal hindleg exposed through a small 
uterine incision. Fetal vascular catheters were inserted 
through the tibial artery and saphenous vein of each 
hindleg so that their tips were in the descending aorta 
and inferior vena cava, respectively. Two additional 
catheters were sewn to the fetal skin for recording of 
amniotic fluid pressure. The catheters were exterior- 
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Fig. 1. Mean (+SE) fetal blood gas and pH changes during 
control, hypoxic, and recovery periods (n = 14). Data are ex- 
pressed as change from mean control value during first 30 
minutes. Dotted lines at 30 and 60 minutes indicate beginning 
and end of hypoxic period. 


ized into a cloth pouch attached to the flank of the ewe, 
and all incisions were closed. The animals were main- 
tained on prophylactic antibiotics (500 mg of strepto- 
mycin and 500 mg of penicillin G intramuscularly to 
the ewe and 500 mg of ampicillin into the amniotic 
fluid each day). 

Experiments were conducted on the fifth or sixth 
postsurgical day at a mean gestational age of 133 + 1 
(SE) days. No animal was in labor but each underwent 
the characteristic nonlabor contractions that occur at 
rouughly 45-minute intervals in sheep. The protocol 
consisted of a 30-minute control period and a 30-min- 
ute hypoxic period followed by a 30-minute recovery 
period. Hypoxia was induced by supplementing the air 
breathed by the ewe with nitrogen'®"° and a small 
amount of carbon dioxide. The latter was used in an 
attempt to maintain a constant carbon dioxide tension 
in the fetus. 
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Table I. Mean fetal values during 30-minute 
control period (n = 14) 


Variable SE 
Arterial pressure (mm Hg) 44.5 0.9 
Venous pressure (mm Hg) 3.0 0.3 
Heart rate (bpm) 167 4 
Ozygen tension (mm Hg) 22.3 0.7 
Czrbon dioxide tension 51.0 0.5 

{mm Hg) 

pH 7.30 0.01 
Hematocrit (%) — 35.7 1:7 
Gestational age (days) 133 ] 


Fetal arterial pressure, venous pressure, and heart 
rate were recorded continuously throughout the con- 
trol, hypoxic, and recovery periods on a polygraph, and 
mean values were recorded at 30-second intervals with 
an on-line computer. Fetal heart rate was determined 
from pressure pulses in an arterial catheter with use of 
a cardiotachometer. Fetal vascular pressures were cor- 
rected to the standard zero pressure reference for the 
fetus by continuously subtracting amniotic fluid pres- 
sure from the pressures in the fetal vascular catheters 
by means of the on-line computer. 

At 10-minute intervals, 0.5 ml of fetal arterial blood 
was sampled for determination of fetal blood gas ten- 
sions and pH (Radiometer, ABL2) and hematocrit. 
Care was taken to avoid contamination of the blood 
sample with fluid in the sampling catheter. To do this, 
5 ml of blood were withdrawn just before sampling and 
replaced immediately afterwards.'* '* Hematocrits were 
determined in triplicate with use of a 20 X microscope 
with hairline marker.'* '* Blood volume (BV) as a frac- 
tion of the mean volume which existed during the con- 
trol period (BV.) was calculated from the ratio of mean 
control hematocrit (HCT,) divided by the hematocrit 
(HCT) of each sample with use of the equation 
BV + BV, = HCT, + HCT. This method is valid be- 
cause the near term sheep fetus does not have a re- 
leasable pool of noncirculating red cells.'" With this 
method, blood volume changes of 1% can be detected 
with a 99% degree of confidence." No corrections were 
made for the blood removed during sampling, since 
the volume averaged less than 1% of the total estimated 
volume. 

Data analysis. Mean values for each 1-minute inter- 
val were retrieved from the on-line data and used for 
analyses. For changes in a variable with time, the data 
were analyzed for statistical significance with a two-way 
analysis of variance for data without replication, (that 
is, an ANOVA for repeated-~measures). If the F test 
showed that the changes were significant, statistical dif- 
ferences among individual means were determined 
with Fisher’s least significant difference. The data were 
considered to be statistically significant if p < 0.05 and 
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Fig. 2. Mean (+ SE) changes in fetal arterial pressure, venous 
pressure, and heart rate during control, hypoxic, and recovery 
periods (n = 14). Data are 1-minute averages expressed as 
change from mean control value during first 30 minutes. Dot- 


ted lines at 30 and 60 minutes indicate beginning and end of 


hypoxic period. 


any described changes are significant at this level unless 
otherwise specified. 


Results 


Mean values for each of the fetal variables during 
the 30-minute control period (Table I) were all consis- 
tent with normal values from this laboratory. _ 

Fig. 1 shows the changes in fetal arterial blood gases 
and pH during the control, hypoxic, and recovery pe- 
riods. Hypoxia produced a step reduction in oxygen 
tension which averaged 7.7 + 0.9mm Hg (p < 0.0001) 
at the end of the 30-minute hypoxic period. Although 
carbon dioxide tension was unchanged during the hy- 
poxemia, fetal pH decreased by 0.037 + 0.012 (p< 
0.01) after 30 minutes of reduced oxygen tension. 
Upon return to the breathing of room air, oxygen ten- 
sion transiently increased to 1.0 + 0.4 mm Hg above 
control (p < 0.05) before returning to normal and car- 
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Fig. 3. Mean (SE) fetal blood volume changes ducing con- 


trol, hypoxic, and recovery periods (n = 14). Dotted tines at 30 
and 60 minutes indicate beginning and end of hypoxx period. 
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Fig. 4. Data from individual fetuses showing blood. volume 

decrease as a function of oxygen tension changes at the 

end of the 30-minute hypoxic period. (Y = 0.94X — 0.55, 
= 0.704, p < 0.005, n = 14.) 


bon dioxide tension remained unchanged. Arterial pH 
underwent a small but nonsignificant decrease at the 
beginning of the recovery period and returned toward 
control during the subsequent 20 minutes. However, 
pH remained significantly reduced during the entire 
30-minute recovery period. 

Fig. 2 shows the mean changes in fetal vascular pres- 
sures and heart rate during the control, hypoxic, and 
recovery periods. Fetal arterial pressure increased in 
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response to the hypoxia (p < 0.0001, two-way ANOVA) 
and heart rate decreased (p < 0.0001) as has been re- 
ported in other studies. In addition, fetal venous pres- 
sure increased (p < 0.0001), 

The mean responses of fetal blood volume to the 
hypoxia are shown in Fig. 3. After only 10 minutes of 
hypoxia, blood volume was reduced by 5.0% + 1.0% 
(p < 0.001). The decrease in volume stabilized at 20 
minutes and averaged 6.7% + 0.8% (p < 0.0001) after 
30 minutes of hypoxia. Upon returning to normoxia, 
fetoplacental blood volume did not return to normal 
until 30 minutes after ending of the hypoxia. 

In individual fetuses the extent of the blood volume 
reduction was greater with the larger reduction in oxy- 
gen tension as shown in Fig. 4. Blood volume decreased 
even in those fetuses subjected to the mildest hypoxia, 
that is, a decrease in oxygen tension of only 2 to 5 
mm Hg. 


Comment 

This is the first study to specifically explore the extent 
and time course of the changes in fetal blood volume 
during and after an acute hypoxic episode. The find- 
ings include that circulating blood volume decreases by 
up to 14% during acute hypoxia and volume only slowly 
returns to normal after normoxia is reestablished. Sur- 
prisingly, even mild hypoxia caused small but signifi- 
cant reductions in blood volume. This decrease in feta! 
blood volume during acute hypoxia appears to be op- 
posite that which occurs in response to chronic hypoxia 
because there is substantial support for the concept that 
chronic intrauterine hypoxia leads to polycythemia, el- 
evated hematocrit, and an elevated fetal blood volume 
relative to body weight.” " 

Another finding in the present study is that fetal 
venous pressure was significantly elevated during acute 
hypoxia. This appears to be a likely cause of the re- 
duction in-blood volume. With both arterial and venous 
pressures increasing, fetal capillary pressure must have 
been increased. Because fetal capillaries have a high 
filtration coefficient,” an elevation in capillary pressure 
would lead to a rapid reduction in blood volume. How- 
ever, the cause of the increase in fetal venous pressure 
has yet to be determined. An endocrine or neural con- 
striction of fetal veins may be involved, as suggested by 
the hypoxia-induced increases in circulating vasoactive 
hormones and sympathetic tone, which have been re- 
ported i in many previous studies. Ancther possibility is 
that- there may be a maternal role and/or factor in- 
volved i in mediating the decrease in fetal blood volume 
during hypoxia. However, there presently exist little 
data to support this concept. 

The extent of the volume reduction observed during 
mild hypoxia is similar to the 2.3% decrease that occurs 


,«- during. nonlabor uterine contractions in the pregnant 
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sheep." A translocation of fetal blood out of the pla- 
centa and into the fetal body with a resulting increase 
in arterial and venous pressures appears to be tke pri- 
mary factor that mediates the blood volume decrease 
during nonlabor contractions.'® The same mechanism 
may be involved during hypoxia in that acute hy poxia 
causes a translocation of fetal blood out of thz pla- 
centa." However, there must be additional mechanisms 
because the decrease in circulating blood volume ob- 
served in the present study during the more severe 
hypoxia was greater than the volume of fetal blood 
leaving the placenta.'® At the present, vascular con- 
striction by neuroendocrine mechanisms would seem 
to be the most likely mediators. 

In summary, the present study shows that acute fetal 
hypoxia causes significant reductions in fetal blocd vol- 
ume. This volume reduction is associated with and may 
result in part from an elevation in fetal venous pressure. 
Although oxygen tension rapidly returns to normal 
with elimination of the hypoxia, fetal blood volume only 
slowly returns to normal. 


The technical assistance of Debra S. Brittingkam is 
sincerely appreciated. 
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Fetal cardiorespiratory changes during spontaneous prelabor 


uterine contractions in sheep 


Anibal J. Llanos, M.D., Denys J. Court, M.B., Ch.B., Barry S. Block, M.D., 
Alfredo M. Germain, M.D., and Julian T. Parer, M.D., Ph.D. 


Santiago, Chile, San Francisco, California, and Auckland, New Zealand 


Fetal cardiorespiratory changes during spontaneous prelabor uterine contractions (called contractures) 
were studied in 12 chronically catheterized fetal sheep at 120 to 143 days’ gestation. During contractures 
the carcass blood flow increased significantly from 27 + 2 (SEM) to 32 + 3 ml/min/100 gm. There were 
no significant changes in combined ventricular output or in blood flow to the umbilical circulation, brain, 
heart, adrenal glands, gut, kidney, and lung. Fetal arterial blood pressure increased from 57 + 2 to 

62 + 1 mm Hg (p < 0.001) during contractions. There were no significant changes in fetal heart rate. 

In the fetal femoral artery during contractures the oxygen content decreased from 6.1 + 0.2 to 5.4 + 

0.2 mi/di of blood (p < 0.001), and carbon dioxide tension increased significantly from 44 + 0.4 to 

45 + 0.4 mm Hg (p < 0.001). The pH did not change. The increase in carcass blood flow during 
contractures suggests that there was an increase in fetal skeletal muscular activity or tone. An increase in 
fetal skeletal muscle activity, together with a decrease in uterine blood flow could explain the small 
decrease in fetal oxygen content that occurs with each contracture. Fetal compression and/or changes 
fram rapid eye movement to synchronized sleep or arousal observed during contractures are possible 
stimuli causing increased fetal skeletal muscle tone or activity. Since contractures periodically result in 
neuromuscular activity in the fetus in its protected fluid-filled environment, they may play a key role in fetal 
neuromuscular development by stimulating “exercising” in the fetus in utero. (Am J OBSTET GYNECOL 


1986:155:893-7.) 


Key words: Fetal hemodynamics, fetal oxygenation, spontaneous contractions, contractures 


Spontaneous prelabor uterine contractions (called 
contractures) occur throughout gestation in sheep, hu- 
mans, and rhesus monkeys.’* In sheep they occur ap- 
proximately every 40 minutes and last an average of 
approximately 6 minutes.‘ There are effects on both 
the uterus and the fetus during contractures. 
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Intraamniotic pressure increases 3 to 5 mm Hg and 
uterine blood flow decreases.” ° In the fetus there are 
changes in the thoracic diameter, indicating that the 
fetus is squeezed during contractures.® There is also a 
slight decrease in fetal blood oxygen tension,® but it is 
not known if there are changes in fetal arterial oxygen 
content, carbon dioxide tension, and pH. During con- 
tractures there are changes in fetal electrocorticogram 
(from low- to high-amplitude activity) and fetal elec- 
trooculogram (from active to nonactive state), and there 
are decreases in fetal breathing movements.’ It is not 
known whether these changes that are associated with 
contractures result in changes in fetal arterial blood 
pressure, heart rate, and cardiac output and its distri- 
bution. The purpose of the present study described in 
this article was to investigate the role of contractures 
on these cardiovascular variables and also on fetal blood 
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Relaxation Contracture 


Fig. 1. Carcass blood flow (mean and SEM) of eight fetal sheep 
(120 to 143 days’ gestation) during eight relaxation-contrac- 
ture events. *p < 0.05. l 


the last fifth of gestation in chronically catheterized 
fetal sheep. 


Material and methods 
Animal preparation. Twelve pregnant sheep with 


known gestational ages were operated on between 115 — 


to 120 days’ gestation. In brief, low spinal anesthesia 
was achieved in the ewes by `a subarachnoid injection 
of 2 ml (40 mg) of tetracaine hydrochloride (1% Pon- 
tocaine). Polyvinyl catheters were inserted into a ma- 
ternal femoral artery and vein. The uterus was exposed 
through a midline infraumbilical incision. Polyvinyl 
catheters were inserted into fetal jugular and femoral 
veins, carotid and femoral arteries, and also into the 
amniotic cavity. To record uterine myoelectrical activity, 
vinyl-insulated multistranded stainless steel wires 
(Cooner Sales Co., Chatworth, California) were sewn 
into the uterus.’ The uterine incision was closed, and 
all catheters were exteriorized on the flank of the ewe, 
where they were protected by a cloth pouch. The vas- 
cular catheters were filled with a heparin solution (1000 
U/ml) and closed with copper plugs. They were flushed 
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daily. Penicillin G (1 million units) and kanamycir. (400 
mg) were injected into the amniotic cavity on the day 
of surgery and for 5 days thereafter. At least 4 days 
elapsed after surgery before experiments were con- 
ducted. Studies were carried out at gestational ages 120 
to 143 days, while the ewe was standing undisturbed 
in a study cage. 

Measurements. Fetal and maternal arterial blood pres- 
sures and intraamniotic pressures were measured con- 
tinuously with Statham P23 Db pressure transducers. 
Absolute fetal arterial blood pressure was calculated by 
substracting the intraamniotic fluid pressure from the 
fetal arterial blood pressure. Fetal heart rate was mon- 
itored by a cardiotachometer triggered by the arterial 
pressure pulse. Uterine electromyographic activicy sig- 
nals were amplified (0.5 mV/cm) and filtered at £.3 Hz 
with use of a preamplifier. Fetal pressure and u-erine 
electromyographic activity were continuously recorded 
on a Beckman R-411 Dynograph. Fetal arterial pH, 
Pco, and Po, were measured by Radiometer electrodes 
at 39° C (HM 73, London Co., Oakland, Califcrnia.) 
Percent saturation of hemoglobin and hemoglobin con- 
centration were determined by a radiometer hemoxi- 
meter (OSM2; Copenhagen). 

Fetal combined ventricular output and its dis-ribu- 
tion were measured by the radionuclide-labeled mi- 
crosphere technique with use of 15 pm diameter mi- 
crospheres.’ Microspheres labeled with two different 
nuclices were simultaneously injected in the jugular 
vein and inferior vena cava. Reference blood flow sam- 
ples were obtained from the carotid and femoral ar- 
teries. After the last microsphere injections the fetuses 
were put to death and the individual organs dissected, 
incinerated in an oven, and counted for radioactivity 
in a 512-channel multichannel pulse-height analyzer 
(Searle Analytic, Des Plaines, Ilinois). Blood flow -o the 
various organs was calculated from the counts m the 
individual organs, the counts in the reference sarnples, 
and the withdrawal rate of the reference samp!es by 
use of a 370 IBM computer.® As a check of adequate 
mixing of microspheres in arterial blood, the rigFt and 
left kidneys and hemisections of the brain were counted 
separately. The number of microspheres in each organ 
reported was always more than 400.° 

Protocol 

Sampling during uterine relaxation and contractures. All 
contractures examined in this study lasted at least 5 
minutes, and had an increase in intra-amniotic pressure 
of at least 3 mm Hg. Sampling began 2 minutes after 
the beginning of the electromyographic activity The 
relaxation interval was always at least a time period 
equal to that of the contracture, and sampling <lways 
occurred >4 minutes after the end of the contracture. 

Fetal arterial pressure and heart rate. Uterine el=ctro- 
myographic activity, intraamniotic pressure, fetel and 
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Table I. Fetal cardiac output, organ blood flows, and heart rate and arterial blood pressure 


(mean + SEM) during relaxation-contracture events 


| 


Combined ventricular output (ml/min/kg) 
Umbilical blood flow (ml/min/kg) 
Organ blood flow (ml/min/100 gm) 

Brain 

Heart 

Adrenal 

Gut 

Kidneys 

Lungs 

Heart rate (bpm) 

Arterial blood pressure (mm Hg) 


No. of 
Relaxation Contracture sheep 


580 + 31 609 + 30 6 
188 = 13 200 + 17 8 
155 + 11 155 + 15 6 
280 +40 — 337 + 54 6 
314 + 33 341 + 61 4 

75 + 12 82 +9 4 
258 + 27 241 + 23 4 
136 + 55 74 + 34 4 
161 +6 159 + 4 8 
57.4 + 1.5 61.6 + 1.4* 8 


Heart rate and arterial blood pressure measurements are the mean of 32 relaxation-contracture events in 8 sheep. 


*p < 0.001. 


maternal arterial pressure, and fetal heart rate were 
continuously recorded in eight sheep. Fetal and ma- 


ternal arterial pressure and fetal heart rate were mea- , 


sured in .32 pairs of uterine relaxation-contracture 
events, with four pairs of events being randomly chosen 
from each sheep. Measurements were taken during an 
episode of relaxation and of contracture, during the 
intervals specified in the preceding section. 

Fetal arterial oxygen content, PO», PCO, and pH. We mea- 
sured fetal pH, PCC, POs, percent saturation of he- 
moglobin, and hemoglobin concentration in 36 pairs 
of uterine relaxation-contracture events in nine fetal 
sheep. Four pairs of events were randomly chosen from 
each sheep. Fetal femoral arterial blood samples were 
obtained during an episode of relaxation and contrac- 
ture, as noted above. 

Oxygen content in the arterial blood was calculated 
as follows: oxygen content (ml/dI) = 1.34 ml of oxygen 
per gram of hemoglobin X percent saturation of he- 
moglobin X hemoglobin concentration (gm/dl). 

Fetal cardiac output and is distribution. In six fetuses 
the combined ventricular output and brain and heart 
blood flows were measured. Umbilical and carcass 
klood flows were measured in eight fetuses and adrenal, 
gut, kidney, and lung flows were determined in four 
fetuses. In each animal blood flow was measured once 
during relaxation and again during the contracture. 

Statistical analysis. The mean value of each variable 
during relaxation was compared to that obtained for 
the same variable during contracture with use of the 
paired Student’s ¢ test. A difference was considered 
significant when the p value was <0.05. The values 
given in the text are mean + SEM. 


Results 


Contractures affected some cardiorespiratory vari- 
ables in the fetus. Blood flow to the carcass rose from 
a7 + 2 to 32 + 3 ml/min/100 gram (p < 0.05) during 


contractures (Fig. 1). In contrast there were no changes 
in combined ventricular output or in brain, heart, ad- 
renal gland, gut, kidney, lung, or umbilical blood flows 
(Table I). 

Mean arterial pressure with use of amniotic flnid 
pressure as the zero reference increased from 
57.4 + 1.5to61.6 + 1.4mm Hg (p < 0.001) (Table I). 
Contractures produced a decrease in fetal arterial Po, 
from 23.3 + 0.4 to 20.4 + 0.4 mm Hg (p < 0.001), in 
percent hemoglobin saturation (from 50.8 + 1.1 to 
43.7 + 1.4% (p < 0.001), and in oxygen content (from 
6.1 + 0.2 to 5.4 + 0.2 mi of oxygen per 100 mi of 
blood (p < 0.001) (Table II). Also there was a slight but 
significant increase in fetal arterial Pco, (from 43.5 + 
0.4 to 44.6 + 0.5 mm Hg; p< 0.001) and in hemo- 
globin concentration (from 8.9 + 0.1 to 9.2+ 0.1 
g/dl; p < 0.001) (Table II). There were no significant 
changes in fetal pH (Table II), in fetal heart rate (Ta- 
ble I), or in maternal arterial blood pressure. 


Comment 


During contractures there were significant increases 
in fetal arterial blood pressure and carcass blood flow, 
but there was no change in fetal combined ventricular 
cardiac output. Fetal arterial oxygen content decreased. 
This latter change follows the decrease in fetal arterial 
Po, and percent saturation of hemoglobin during con- 
tractures that exceeds the increase in oxygen-carrying 
capacity of the fetal blood given by the slight rise in 
hemoglobin concentration. 

The decrease in fetal arterial Po, and oxygen content 
during contractures was not sufficient to elicit the well- 
recognized fetal response to hypoxemia, characterized 
by hypertension, bradycardia, and redistribution of 
blood flow favoring the vital organs. The fetal cardio- 
vascular responses to contractures observed here are 
similar in many respects to the cardiovascular responses 
to a relatively modest (25%) reduction of basal uterine 
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Table II. Oxygen tension, percent saturation 
of hemoglobin, O, content, hemoglobin 
concentration, carbon dioxide tension, and pH 
in fetal femoral arterial blood during 


relaxation-contracture events 


Po, (mm Hg) 23.3 + 0.4 20.4 + 0.4* 
Percent saturation of hemoglobin 50.8 + 1.1 43.7 + 1.4* 


O, content (mł/dl) 6.1 +02 54 + 0.2* 
Hemoglobin concentration S005 Oe Ua 
(gm/dl) 


PCO; (mm Hg) 43.5 + 0.4 44.6 + 0.5* 
pH 7.34 + 0.01 7.34 + 0.00 


Mean + SEM of nine fetal sheep during 56 relaxation-con- 
tracture events. 


*p < 0.001. 


blood flow.’ However, the striking difference in re- 
sponse is the increase of fetal carcass blood How during 
contractures. It is unlikely that the increase of fetal 
carcass blood flow during contractures is due to the rise 
in mean arterial pressure, since there is a higher rise 
in fetal arterial pressure when uterine blood flow is 
reduced 25%, and no increase in carcass blood flow.’ 

In adults, muscle blood ow and oxygen consump- 
tion increase when skeletal muscle activity increases.’ 
In this study we have demonstrated an increase in fetal 
carcass blood flow during contractures that is consistent 
with an increase in fetal skeletal muscle activity or tone. 
This would result in an increase in skeletal muscle oxy- 
gen extraction and a fall in fetal Po. and oxygen con- 
tent, which was in fact observed. 

It has previously been shown that fetal skeletal mus- 
cle activity or tone is associated with an increase in fetal 
oxygen consumption and changes in fetal oxygen ten- 
sion.’’ '? Oxygen consumption was measured during 
fetal breathing (active state) and following paralysis 
with gallamine (inactive state) and was found to be 17% 
higher in active-state fetuses, because of an increased 
oxygen extraction.'’ There was a lowering of the um- 
bilical arterial oxygen tension, Others have shown that 
fetal paralysis with pancuronium leads to an increase 
in jugular venous oxygen tension after | hour, presum- 
ably because of decreased oxygen extraction.” A de- 
crease in uterine blood flow produced by contractures” 
would also contribute to the fall in arterial Po, observed 
during these events.” Paralyzing the fetus and then 
eliminating uterine activity with the B-adrenergic ag- 
onist salbutamol leads to a further reduction in the 
incidence and quantity of decreases in continuously 
measured oxygen tension." 

The mechanisms involved in the increase of fetal 
skeletal muscle activity during contractures are un- 
known. However, changes in fetal thoracic dimensions 
are observed during contractures, indicating that the 
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fetus is squeezed by the uterus.® This could stimulate 
activity in the fetus. Another possibility is that the con- 
tracture results in a transition from fetal rapid eye 
movement sleep to sychronized sleep or arousal and in 
changes in fetal electrocorticogram from low- to high- 
amplitude activity.” In these circumstances increases in 
skeletal muscle tone and/or activity would produce an 
increase in muscle blood flow’? and presumably oxy- 
gen consumption. 

The increase in fetal arterial pressure and hemoglo- 
bin concentration observed during contractures could 
be mediated by catecholamines, since their plasma con- 
centrations are quite sensitive to even minor changes 
in Po, or environmental stimuli." The stimulus of fetal 
squeezing? and/or arousal produced by contractures 
might also cause an increase in fetal plasma catechol- 
amine concentrations. The increase in fetal hemoglobin 
concentration could also be explained by the squeezing 
effect of contractures on the fetal liver.® 

In conclusion, our data demonstrate that a significant 
cardiovascular change that occurs during contractures 
is an increase in fetal carcass blood flow. This may in- 
dicate an increase in fetal skeletal muscle activity or 
tone during contractures. Since the fetus lives in a 
weightless environment and contractures periodically 
stimulate fetal neuromuscular activity, spontaneous 
prelabor uterine contractions may play a key role in 
fetal neuromuscular development by “exercising” the 
fetus in utero. 


We wish to express our gratitude to Sr. Carlos Muñoz, 
Mr. Bruce Payne, and Mr. Carl McWatters for their 
skillful assistance. 
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Systemic and uterine responses to a-adrenergic stimulation in 


pregnant and nonpregnant ewes 


Ronald R. Magness, Ph.D., and Charles R. Rosenfeld, M.D. 


Dallas, Texas 


Attenuated systemic pressor responses to infused angiotensin [| characterize normal human and ovine 
pregnancy; moreover, uterine vascular refractoriness is greater than that of the systemic vasculature 
Overall. It remains unclear whether this generalized refractoriness also pertains to other vasoconstrictors; 
therefore we studied simultaneous systemic and uterine responses to a-agonists in pregnant (n = 6) and 
nonpregnant (n = 6) sheep. Mean arterial pressure, heart rate, uterine blood flow, and cardiac output were 
measured before and during infusions of norepinephrine (0.456 to 45.84 «.g/min) and phenylephrine (1.29 
to 129 g/min). Both a-agonists caused dose-dependent increases (p < 0.01) in mean arterial pressure 
and systemic vascular resistance and decreases in cardiac output (p < 0.01) in nonpregnant and pregnant 
animals; however, nonpregnant pressor responses exceeded pregnant ones. Nonpregnant ewes also had 
greater decreases in uterine blood flow (p < 0.05) and increases in uterine vascular resistance (p < 0.05); 
furthermore, increases in uterine vascular resistance exceeded those of systemic vascular resistance in 
both groups (p < 0.01). Attenuated uterine and systemic responses to a-agonists characterize normal 
ovine pregnancy; however, in contrast to the results with angiotensin II, the uterine vascular bed is 
substantially more responsive to a-agonists than the systemic vasculature overall. (AM J OBSTET GYNECOL 


1936;155:897-904.) 


Key words: Vascular responsiveness, uterine blood flow, systemic vascular resistance, 


pregnancy, -agonists 


Normal human and ovine pregnancy is associated 
with significant alterations in the maternal cardiovas- 
cular system, including the development of relative vas- 
cular refractoriness to the systemic pressor effects of 
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infused angiotensin H.™? It remains unclear, however, 
whether this vascular refractoriness is unique to angio- 
tensin II or whether attenuated responses also are seen 
with other vasoconstrictors. For example, it has been 
reported that the infusion of norepinephrine into nor- 
mal pregnant women results in reduced,’ similar,'* or 
greater’ increases in blood pressure when compared 
with those of nonpregnant subjects. Similarly, pressor 
responses to infused epinephrine have been reported 
to be either unchanged* or reduced® in humans. In 
contrast, women with preeclampsia have been shown 
to be more sensitive to the pressor effects of both nor- 
epinephrine and epinephrine than normal pregnant or 
nonpregnant subjects,’*° much the same as seen during 
systemic infusions of angiotensin I? A severe limita- 
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tion of these studies of a-adrenergic. agonists has been 


the sole dependence on observations of changes in sys- 


temic arterial pressure. A better index of systemic.va- 
soconstriction is systemic vascular resistance since it re- 
flects the responses of both mean arterial pressure and 
cardiac output (SVR = MAP/CO, where SVR = sys- 
temic vascular resistance, MAP = mean arterial pres- 


sure, and CO = cardiac output); however, measure- 


ments of cardiac output are difficult to obtain in women 
and thus are not reported. . 
Contrary to the uncertainty of the relative changes 
in systemic pressor responses to catecholamines in 
pregnancy, it has been reported that a greater dose of 


infused a-adrenergic agonist is required in pregnant ` 


sheep compared with nonpregnant sheep to elicit a 
similar degree of uterine vasoconstriction,’ suggesting 
the development of uterine vascular refractoriness in 
normal ovine pregnancy. To date, however, the relative 
uterine and systemic vascular responses to a-agonists 
have not been evaluated simultaneously or in detail in 
both nonpregnant and pregnant animals. This is im- 
portant since blood flow through any organ, including 
the uterus,” ° is dependent on the relative resistance 
changes across that vascular bed (local responses) as 


well as changes in perfusion pressure, a parameter re-’ 


fiective of systemic vascular alterations. Furthermore, 
as we have previously reported, there may be significant 
differences in the relative responses of the uterine 
and individual vascular beds to different vasoconstric- 
tors.**!° In view of these observations and those noted 
above, we performed detailed studies to determine 
whether refractoriness to the pressor effects of infused 
a-agonists occurs during normal ovine pregnancy, if 
this refractoriness to a-adrenergic vasoconstriction de- 
velops in both the uterine and the systemic vascular 
beds, and, finally, what are the relative differences in 
the responses of the two vascular beds before and dur- 
ing pregnancy. 


Material and methods | 

Six pregnant sheep in late gestation (136 + 4 [SD] 
days, range 129 to 142 days, term 144 + 3 days) and 
six ovariectomized nonpregnant sheep were included 


in this study. The sheep were of mixed breed and — 


weighed 52 + 3 (SE) and 54 + 3 kg, respectively. The 
chronically instrumented animal preparations have 
been described previously in detail. Briefly, at operation 
polyvinyl catheters were inserted into both femoral ar- 
teries to the level of the trifurcation of the abdominal 
aorta and into both femoral veins with the catheter ends 
lying high in the inferior vena cava. Electromagnetic 
flow probes (Micron Instruments, Inc.) were implanted 
around both middle uterine arteries proximal to their 


bifurcation. Nonpregnant ewes were ovariectomized bi- 
laterally to remove potential effects of endogenous ste- . 


-roid hormones. The flow probes and inguinal catheters 
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were brought out to the flank through a subcutaneous 
tunnel where they were maintained in a canvas pouch 
attached to the skin with steel pins. Intramuscular pen- 
icillin (600,000 U) and streptomycin (0.5 gm) were 
given immediately before operation and for two sub- 
sequent days. Catheters were flushed daily with hepa- 
rinized saline solution (250 U/ml). Estrogen replace- 
ment, 1 pg/kg of 17B-estradiol, was given to ovariec- 
tomized nonpregnant animals on alternate days bat not 
within 24 hours before a study. . 

Ewes were maintained after operation in individual 
stalls that were kept in the laboratory. They were given 
standard animal chow (Purina Commercial Cre2p II, 
G) and water as desired throughout the study p=riod. 
Body weight remained constant or increased in preg- 
nant animals. The animals were studied only after they 
were considered to have recovered from surgical 
trauma and anesthesia, which was always after the sev- 
enth postoperative day. Studies were performed twice 
in five of six nonpregnant animals (n = 11) and in four 
of six pregnant sheep (n = 10). Experiments weze not 
less than 2 days apart. 

Experimental protocol. Norepinephrine (Levophed 
bitartrate, Winthrop-Breon Laboratories, New: York, 
New York) and phenylephrine hydrochloride (Neo- 
Synephrine, Winthrop-Breon Laboratories) were di- 
luted in sterile 5% dextrose in water to concentrations 
of 6 and 67.5 ug/ml, respectively. These stock solations 
were made fresh for each study and were infused 
through one venous catheter with a Harvard constant- 
infusion pump. Four doses of norepinephrine (10.458, 
2.29, 11.46, and 45.84 g/min) and five doses of phen- 
ylephrine (1.29, 2.58, 12.89, 51.57, and 128.9 g/min) 
were administered in random sequence. Norepineph- 
rine and phenylephrine were used, since the former 
has both a- and B,-stimulatory effects, while the latter 
is a powerful a-receptor agonist with little or no effect 
on the B,-receptors of the heart. After control ob- 
servations were obtained during a period of 30 minutes, 
a constant infusion of one dose of a-adrenergic azonist 
was started. When the responses of mean arterial pres- 
sure and uterine blood flow were observed to be ina 
steady state, generally between 4.5 and 6.0 minutes, 
hemodynamic measurements were obtained again. The 
infusion was then stopped and a recovery period Df not 
less than 25 to 30 minutes was allowed, permitting he- 
modynamic parameters to return to control levels for 
at least 10 minutes before the next infusion was started. 
Each animal received all doses of either norepinephrine 
or phenylephrine, and the reverse order of drugs was 
used in the subsequent study. Griess and VanWilkes"’ 
reported that norepinephrine and phenylephrine can 
be administered repeatedly on the same day w.thout 
interference with the response of the other drug. This 
was verified in preliminary experiments. . 

Hemodynamic measurements. Mean arterial pres- 


Volume 155 
Number 4 


sure in the lower abdominal aorta was continuously 
monitored and recorded with a two-channel pen re- 
corder (Model 220, Brush Instruments Div., Clevite 
Cerp., Cleveland, Ohio). We continuously monitored 


uterine blood flow with electromagnetic flowmeters | 


(Model RC-1G00, Micron Instruments, Inc.) and re- 
corded blood flow on a second two-channel pen re- 
corder. The flow probes have.a linear response to Hows 
over the ranges studied and are provided with a flow 
signal and zero calibration. Absolute uterine blood flow 
measured with electromagnetic flow probes in non- 
pregnant and pregnant sheep compares favorably 
(r = 0.95) to How measurements calculated with the 
microsphere technique. Also flow probes were rou- 
tinely calibrated in vivo. Since uterine blood flow in 
nonpregnant sheep is quite low (<25 ml/min per uter- 
ine horn), the sensitivity of the recorders was increased 
two and a half times to improve the accuracy and re- 
productibility of measurements. The sum of the si- 
multaneous measured flows in both middle uterine ar- 
teries was used for analyses. 

Cardiac output was measured by the dye-dilution 
technique with the use of indocyanine green (Cardio- 
Green, Hynson, Westcott & Dunning, Baltimore, Mary- 
land). Optical density was recorded graphically; cardiac 
output also was calculated by electronic intergration 
directly from the signal on the cardiac output recorder 
(COR-100A, Waters Instruments, Inc.). This technique 
has been validated in this laboratory* and results com- 
pare favorably with cardiac output measurements cal- 
culated with the microsphere technique on the same 
animals (unpublished results), as well as values included 
in previous reports.” }" 

Systemic vascular resistance is an index of the resis- 
tance to blood flow in the peripheral vasculature taken 
as a whole; as such, increases in systemic vascular re- 
sistance reflect vasoconstriction occurring in the total 
systemic vasculature. In quantifying systemic vasocon- 
striction it is advantageous to consider changes in sys- 
temic vascular resistance as well as mean arterial pres- 
sure, because calculation of systemic vascular resistance 
takes into account concurrent, changes in cardiac out- 
put. Central venous pressures have been measured and 
found to be consistently low, 3 to 5 mm Hg; there- 
fore, systemic vascular resistance was calculated as 
SVR, = MAP/CO,, where SVR = systemic vascular 
resistance, MAP = mean arterial pressure, CO = car- 
diac output, and t is a point in time (control or steady 
state). 

Since changes in uterine blood flow may be reflective 
of alterations in either uterine vascular resistance or 
uterine perfusion pressure (mean arterial pressure), we 
also have calculated uterine vascular resistance in these 
studies. This allows for the evaluation -of observed 
changes in uterine blood flow as a reflection of either 
local vascular resistance or perfusion pressure. Uterine 
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Table I. Hemodynamic measurements in 
nonpregnant (n = 11) and pregnant (n = 10) 
sheep before infusion of norepinephrine and 
phenylephrine 


Phenylephrine 


Norepinephrine 





Mean arterial 


pressure 
(mm Hg) 
Nonpregnant 84 + 1 62 2.1 
Pregnant 41 = 2* 19 £ 2 
Cardiac output 
(L/min) 
Nonpregnant 4.75 + 0.22 4.70 + 0.21 
Pregnant 6.63 + 0.19% 6.80 + 0.39T 


Systemic vascular 
resistance (mm 


Hg min/L) 

Nonpregnant 17.9 = 0.95 17.9 + 0.89 

Pregnant 11.8 + 0.677 11.8 + 0.827 
Uterine blood 

flow (ml/min) 

Nonpregnant 30 + 4 3kg 

Pregnant 1073 + 1627 1167 + 2067 


Values presented are mean + SE. 
*Different from nonpregnant sheep, p < 0.05. 
tDifferent from nonpregnant sheep, p < 0.01. 


vascular resistance may be calculated as the difference 
between the mean arterial pressure and the sura of the 
uterine venous and intra-amniotic pressures divided by 
uterine blood flow. Since venous pressure (3 to 5 mm 
Hg) is consistently low when compared with mean ar- 
terial pressure and intra-amniotic pressure is also low 
(2 to 5 mm Hg) and has been reported not to change 
significantly during infusions of either norepinephrine 
or phenylephrine in pregnant sheep,'' uterine vascular 
resistance was calculated as UVR, = MAP/UBF, where 
UVR = uterine vascular resistance, MAP = mean ar- 
terial pressure, UBF = uterine blood flow, and t is a 


‘ point in time. 


Data analysis. Responses of all variables were cal- 
culated from the difference between the value obtained 
during the steady-state response to the infusion of a- 
adrenergic agonists and the control value observed im- 
mediately before that infusion. Data were analyzed with 
respect to drug (norepinephrine or phenylephrine) by 
a split-plot analysis of variance with pregnancy status 
as treatment effects, animals as whole plot experimental 
units, and dose within animal as subplots. Where sta- 


tistical significance was observed (p < 0.05), means 


were compared with Duncan’s multiple range test cal- 


culated with the error term dictated by the degree of 


interaction. Data are presented as the mean and 1 SE. 


Results 


Baseline hemodynamic measurements obtained in 
nonpregnant and pregnant sheep before initiation of 
experiments are presented in Table I; these values are 
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Fig. 1. Pressor responses to systemic infusions of phenyleph- 


rine (A) and norepinephrine (B) in nonpregnant and pregnant | 


sheep. 


not different from control values obtained before study 
of each individual dose of a-adrenergic agonist. When 
control measurements for pregnant and nonpregnant 
animals were compared, the former had a lower mean 
arterial pressure (p < 0.05) across all experiments. Fur- 
thermore, the calculated systemic vascular resistance 
was substantially less in pregnant than in nonpregnant 
ewes, reflecting primarily the elevated cardiac output 
in pregnant sheep as compared with nonpregnant 
ewes, 6.72 + 0.21 and 4.73 + 0.15 L/min (p < 0.01), 
respectively. Because contro] hemodynamic measure- 
ments are different between pregnant and nonpreg- 
nant sheep and we are mainly concerned with a com- 
parison of the responses to infused a-agonist, we have 
chosen to analyze and present the subsequent data as 
the observed change and percent change from control 
values. 

Systemic responses. As illustrated in Fig. 1, phen- 
ylephrine and norepinephrine consistently produced 
dose-dependent increases in mean arterial pressure 
(p < 0.01) in both pregnant and nonpregnant sheep; 
however, nonpregnant ewes were consistently more re- 
sponsive to the systemic pressor effects at all doses of 
a-agonist except the lowest dose of norepinephrine. 
This difference in responsiveness can be further dem- 
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onstrated by determining the “relative effective pressor 
doses” of phenylephrine or norepinephrine (taat is, 
that dose required to elicit a delta mean arteria: pres- 
sure of 20 mm Hg), which were 64.0 and 27.5 ws/min, 
respectively, in pregnant sheep and 17.3 and 6.6 ug/ 
min, respectively, in nonpregnant sheep. When sys- 
temic vascular resistance, an indicator of total periph- 
eral or systemic vasoconstriction, was examined, :it also 
increased (p < 0.01) in a dose-dependent fash_on in 
response to either phenylephrine or norepinephrine in 
both pregnant and nonpregnant ewes (Table II”. Fur- 
thermore, as with mean arterial pressure, nonpregnant 
ewes, compared with pregnant sheep, responced to 
both agonists with greater increases in systemic vascular 
resistance (Table II). Since the systemic resporses to 
the two a-agonists were not different, we have illus- 
trated only the responses to phenylephrine (Fig 2). It 
should be noted that cardiac output decreased in a 
dose-dependent fashion with phenylephrine and nor- 
epinephrine (p < 0.05) in both groups of animals. 
Uterine responses. Infusion of either a-agorist re- 
sulted in dose-dependent increases in uterine vascular 
resistance (Table III) and decreases in uterine blood 
flow in both groups of animals (p < 0.01) that were not 
different for the two adrenergic agents. However, 
nonpregnant ewes responded to both a-agonis& with 
greater increases in uterine vascular resistance “Table 
III) and decreases in uterine blood flow thar were 
found in pregnant animals (p < 0.01). The responses 
of uterine blood flow and uterine vascular resstance 
during infusions of phenylephrine are illustraced in 
Fig. 2. Significant differences in uterine blood flow 
(p < 0.01) between pregnant and nonpregnant sheep 
were observed with the three lowest doses of pnenyl- 
ephrine and the two lowest doses of norepinepLrine. 
Since changes in uterine blood flow may be ref-ective 
of simultaneous alterations in uterine vascular resis- 
tance and perfusion pressure (mean arterial pressure), 
we ccmpared the simultaneous responses of the terine 
and systemic vascular beds. As there were no differ- 
ences in the “pattern of responses” to the two x-ago- 
nists, we have chosen to illustrate this with pnenyl- 
ephrine (Fig. 2). It can be seen that uterine vascular 
resistance increased with the three lowest doses of 
phenylephrine primarily as a reflection of the greater 
decreases in uterine blood flow as compared wath the 
increases In mean arterial pressure in both pregnant 
and nonpregnant ewes. This differential respcnsive- 
ness of the systemic and uterine vasculatures is more 
clearly illustrated by examining the responses to 12.89 
g/min of phenylephrine (Fig. 2); with this dese the 
percent delta uterine vascular resistance, percen: delta 
mean arterial pressure, and percent delta uterine blood 
flow were 40.3 + 5.8, 3.9 + 1.7, and —25.1 + £.4, re- 
spectively, in pregnant sheep and 162 + 29, 20.5 + 1.5 
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Table II. Effects of constant infusions of -agonists on percent change in systemic vascular resistance of 


nonpregnant (n = 11) and pregnant (n= 10) ewes 


Phenylephrine (jagimin) 


I 
a 


Norepinephrine (ugl n) 


Nonpregnant 11.0 +42 179462 46.7 +74 113+17 238 +36 422440 225452 584475 150 +9.7 


Pregnant 


p Value <0.05 <0.01 <0.01 <0.01 


Values are means t SE. 


2.88 + 2.2 2.92 +32 947444 6142489 153+ 19 0.82 + 3.0 4.86 + 4.2 303445 95.5 = 10 


<0.0] == <0.01 <C.01 <0.01 


Table III. Effects of constant infusions of a-agonists on percent change in uterine vascular resistance of 


nonpregnant (n = 11) and pregnant (n = 10) ewes 


Phenylephrine (tug/min) 


Norepinephrine (pgimin) 


Nenpregnant 34.0 + 5.9 579+ 11] 162 +29 261 + 40 
Pregnant 4.16 + 1.5 10.5 + 57 40.3 + 5.8 147 + 26 
p Value <0.01 <0.01 <0.01 <0.05 


Values are mean + SE. 


and —49.4 + 4.6, respectively, in nonpregnant ani- 
mals. The relative differences in the responsiveness of 
the uterine and systemic vascular beds are even better 
illustrated by comparing the percent delta uterine vas- 
cular resistance with the percent delta systemic vascular 
resistance for either a-agonist, also shown in Fig. 2 and 
Tables H and HI. The percent delta uterine vascular 
resistance exceeds the percent delta systemic vascular 
resistance in pregnant animals at all doses of phen- 
ylephrine and norepinephrine (p < 0.01). Although 
analogous responses occur in nonpregnant sheep, the 
dose-response curves are shifted upward and to the left 
(p < 0.01), demonstrating even greater sensitivity in 
the nonpregnant uterine vascular bed. 


Comment 


It has been suggested that the vascular refractoriness 
to the systemic pressor effects of infused angiotensin 
II observed during normal human pregnancy may be 
unique to this vasoconstrictor. However, it remains un- 
clear whether this refractoriness also pertains to other 
vasoconstrictors. We have shown that pregnant sheep 
develop vascular refractoriness to angiotensin II very 
similar to that observed in women? and that the mech- 
anism(s) may be the same; therefore, the chronically 
instrumented sheep appears to be an excellent animal 
model in which to study this and other cardiovascular 
phenomena associated with pregnancy. Furthermore, 
simultaneous responses of the uteroplacental vascular 
bed can be examined and comparisons made with the 
systemic vascular responses.” * We therefore used this 
animal model to examine the conflicting conclusions 
regarding the presence or absence of vascular refrac- 


1094 + 362 31.5 + 8.1 86.2 +13 228 + 64 1028 + 271 
539 + 194 4.41 +46 25.2 + 


7.4 116+ 17 435 + 83 
= <0,01 <0.01 — <0.05 


toriness to a-agonists during normal ovine pregnancy 
and to compare systemic responses with those occur- 
ring in the uteroplacental vasculature. 

In the present studies we have demonstrated that, as 
with angiotensin II, normal ovine pregnancy is asso- 
ciated with the development of relative refractoriness 
to the systemic pressor effects of infused a-agonists 
(phenylephrine and norepinephrine) over a broad 
range of doses. We also chose to study phenylephrine, 
an almost purse a-agonist, in order to determine 
whether the B,- cardiac effects of norepinephrine might 
have affected the pressor responses, resulting in the 
conflicting reports in the literature; there were no ap- 
parent differences between the two agents. The con- 
troversy in the literature thus may be explained, at least 
in part, by the experimental paradigms used. For ex- 
ample, in some reports experiments were not per- 
formed remote from the effects of anesthesia, anal- 
gesia, and operation, whereas others might have been 
complicated either by the use of additional drugs, which 
may have affected the observed hemodynamic re- 
sponses, or by the infusion of bolus doses of drug. It 
is well established that the stresses of operation can have 
profound effects on cardiovascular responses to both 
vasodilators and vasoconstrictors, and to obtain consis- 
tent results experiments must be performed remote 
from these stresses, as was done in the present study. 
We also examined steady-state responses obtained dur- 
ing constant infusions to ensure that potential cardio- 
vascular reflex compensation had occurred and the re- 
sponses were not changing. As we have shown with 
angiotensin II, the use of steady-state responses to va- 
soactive substances takes each of these into account and 
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Fig. 2. Relationship between the percent change in uterine vascular resistance (UVR) (©) and blood 
flow (UBF) (4) with mean arterial pressure (MAP) (0) ard systemic vascular resistance (SVR) (Q) 
during systemic infusions of phenylephrine in nonpregnant and pregnant sheep. 


frequently results in conclusions different from those 
obtained with bolus infusions. 

In addition to the experimental factors noted above, 
other discrepancies are evident. For example, although 
Raab et al.* concluded that differences in responses of 
either mean arterial pressure or systolic pressure to 
infused norepinephrine and epinephrine did not exist 
between normal nonpregnant and pregnant women, 
the latter had attenuated increases (p < 0.02) in dia- 
stolic pressure. Furthermore, in a subpopulation stud- 
ied during pregnancy and 1 to 2 years after pregnancy, 
consistently greater systemic pressor responses to cat- 
echolamines occurred in the nonpregnant state. Finally, 
because of differences in weight, these investigators 
infused 19% more catecholamine in pregnant women 
in order to elicit a pressor response similar to that seen 
in nonpregnant women, also suggestive of relative re- 
fractoriness to a-agonists during pregnancy. In the 
present study the weights of the two groups of animals 
were the same, and thus the dose of a-agonist did not 
change when corrected for weight (p > 0.05). 

To further define the relative differences in the sys- 
temic vasoconstrictor responses to a-agonists between 
nonpregnant and pregnant animels, we measured car- 
diac output before and during the steady-state re- 
sponses to determine changes in systemic vascular re- 
sistance. Since systemic vascular resistance takes into 
account alterations in the responses of both cardiac 
output and mean arterial pressure, it may be a better 
reflection of changes in total peripheral vasoconstric- 
tion than mean arterial pressure alone. In other words, 
although systemic vascular resistance may rise sub- 
stantially, a simultaneous fall in cardiac output would 


result in little or no change in mean arterial pres- 
sure (MAP = CO x SVR, where MAP = mean arte- 
rial pressure, CO = cardiac output, and SVR = sys- 
temic vascular resistance). We found that systemic vas- 
cular resistance, like mean arterial pressure, rose in a 
dose-dependent fashion with both a-agonists and, im- 
portantly, that changes in systemic vascular resistance 
were substantially greater in the nonpregnant animals, 
further demonstrating the relative refractoriness to 
a-dgonists in normal ovine pregnancy. In other studies, 
especially those of women, cardiac output was not mea- 
sured and changes in systemic vascular resistance could 
not be assessed. | | 

The mechanism(s) responsible for the attenuated sys- 
tem:c responses to a-agonists is unclear. This reflects 
not only the paucity of available data but also the con- 
troversy as to whether refractoriness to a-agonists ac- 
tually occurs. In light of the present observations, pos- 
sible mechanisms include cardiac versus peripheral vas- 
cular responses, the role of circulating catecho.amines 
and a-receptor availability, changes in a-receptor bind- 
ing or metabolism during pregnancy, the effects of local 
or circulating prostanoids, the role of elevated circu- 
lating steroid hormones in pregnancy, and, finally; al- 
terations in the resistance vessels themselves. Although 
the clearance of catecholamines is rapid, the metabolic 
clearance rate of epinephrine and norepinephrine has 
been reported to be unchanged in pregnancy”; thus 
the plasma concentrations achieved during the steady- 
state infusion in the present studies are very likely to 
be similar. We have studied the effects of estrogen on 
the systemic pressor responses to both norepinephrine 
and angiotensin II in nonpregnant sheep” and found 
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reduced responses to both, suggesting a potential role 
for estrogen in the attenuated responses observed in 
pregnancy. Nevertheless, these and the other factors 
listed must be studied in more detail if we are to de- 
termine whether the mechanism(s) for the attenuated 
pressor responses is different for various vasocon- 
Strictors. 

We also observed that the uterine vascular bed is 
refractory to a-agonists during ovine pregnancy by 
comparing the responses in nonpregnant and pregnant 
sheep as either decreases in uterine blood How or in- 
creases in uterine vascular resistance. This is consistent 
with results in earlier reports.’ Some insight into this 
may be obtained by examining the distribution of uter- 
ine blood flow during systemic infusions of catechol- 
amines in pregnant ewes. In these studies the maternal 
placental cotyledons were substantially less responsive 
to x-agonists than either of the nonplacental vascular 
beds, that is, myometrium and endometrium.® ° This 
is in contrast to similar responses by the uterine myoen- 


dometrium and carunculae (destined to become the ~ 


placental cotyledons) of nonpregnant sheep." Since the 
placental cotyledons account for 85% to 90% of total 
uterine blood flow in late ovine pregnancy, the atten- 
uated uterine responses noted in pregnant animals may 
reflect primarily development of the placenta. How- 
ever, Ford et al.'* '® have suggested that alterations in 
plasma concentrations of progesterone and estrogen 
may account for the altered uterine responses to 
a-agonists. They observed that estradiol treatment of 
castrated nonpregnant sheep resulted in decreased 
in vitro contractility of uterine artery segments to sub- 
constrictor doses of norepinephrine followed by elec- 
trical nerve stimulation as compared with controls or 
progesterone-treated animals.” They also have re- 
ported that uterine arteries obtained from follicular 
phase gilts (high plasma estrogen-progesterone ratios) 
have decreased numters of a,-adrenergic receptors 
and decreased uterine arterial contractility as compared 
with vessels obtained from animals in the luteal phase 
(low estrogen/progesterone ratios).'"° They did not 
study blood vessels obtained from pregnant animals, 
and, although it would appear from these studies and 
others’* that the hormones of pregnancy may play an 
important role, this remains to be clarified. 

In earlier studies we reported that substantial dif- 
ferences exist between the responses of the uterine and 
nonuterine vascular beds to the vasoconstrictor effects 
of x-agonists, that is, greater responsiveness occurred 
in the uterine vasculature.” © Although similar differ- 
ences have been reported by others,"’ the relative re- 
sponses in uterine vascular resistance and systemic vas- 
cular resistance, which would account for important 
chenges in uterine perfusion pressure, were not com- 
pared; moreover, it was not determined if this differ- 
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ence also existed in nonpregnant animals or was pe- 
culiar to pregnancy. We have shown that for all doses 
of a-agonist studied the percent delta uterine vascular 
resistance is substantially greater than the percent delta 
systemic vascular resistance in both nonpregnant and 
pregnant animals; thus the difference in reactivity is 
not due to pregnancy but rather to same peculiarity of 
the uterine vascular bed itself. This greater respon- 
siveness of the uterine vasculature to a-agonists may 
be explained by the greater number of a adrenergic 
receptors in uterine arteries as compared with mes- 
enteric arteries of nonpregnant gilts."* It is possible that 
the apparent low sympathetic innervation density and 
high levels of a,-adrenergic receptors in the uterine 
arteries as compared with mesenteric arteries explain 
the differences in the uterine and systemic responses 
to a-agonists.’° It is also of interest chat tissues dem- 
onstrating the greatest sensitivity to -agonists are those 
also sensitive to the vasodilating effects of exogenous 
estrogen'*; thus, as suggested earlier, there may be an 
important interaction between estrogen and a-adren- 
ergic responsiveness. 

The observed difference in the responses of the uter- 
ine and systemic vascular beds to a-agonists in preg- 
nancy contrasts sharply with that observed with angio- 
tensin IL.’ In pregnant sheep the percent delta systemic 
vascular resistance exceeds the percent delta uterine 
vascular resistance with physiologic doses of angio- 
tensin II, demonstrating less responsiveness in the 
uteroplacental vascular bed than the systemic vascular 
bed overall. Furthermore, a biphasic dose response in 
uterine blood fow to increasing doses of angiotensin 
II occurs, uterine blood flow increasing when mean 
arterial pressure exceeds uterine vascular resistance 
and decreasing when uterine vascular resistance ex- 
ceeds mean arterial pressure. In contrast, during in- 
fusion of a-agonists the rise in uterine vascular resis- 
tance always exceeds that of mean arterial pressure in 
pregnant animals, and only in nonpregnant animals (at 
the highest doses) does the increase in perfusion pres- 
sure partially attenuate the fall in uterine blood flow 
(Fig. 2). An explanation for the difference between the 
effects of angiotensin II and a-agonists on the two vas- 
cular beds is unclear. It might be suggested that the 
uterine refractoriness to angiotensin II helps to main- 
tain uteroplacental perfusion despite the normally el- 
evated levels of circulating angiotensin II, thus pro- 
tecting the fetus, whereas the responses to a-agonists 
are more likely associated with the “fight or flight” re- 
sponses, ensuring survival of the mother. 
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Modulation of fibroblast proliferation and transformation 
by activated macrophages during postoperative 


peritoneal reepithelialization 


Hiroyuki Orita, M.D., Joseph D. Campeau, M.S., Robert M. Nakamura, Ph.D., and 


Gere S. diZerega, M.D. l 
Los Angeles, California, and Yamagata, J apan 


We studied the modulation of fibroblast proliferation and transformation by postoperative macrophages. 
One group of rabbits underwent resection and reanastomosis of the small bowel, after which macrophages 
were collected by peritoneal lavage. A second group of rabbits underwent peritoneal wall abrasion followed 
by collection of local fibroblast on postoperative days 4 and 8. Postoperative macrophages were added to 
fiva culture dishes containing fibroblasts. After 24 hours, tritiated thymidine was added to the culture 
dishes and incubated overnight. In two other dishes, which were incubated for up to 8 days, a 24-hour 
pulse of tritiated thymidine was added before culture termination. Postoperative day 4 fibroblasts 
demonstrated a greater increase in cell number during the culture interval compared to fibroblasts 
callected on postoperative day 8. By the second day of coculture with macrophages collected from 
different postoperative days, tritiated thymidine. incorporation by day 4 fibroblasts was suppressed, 
especially by postoperative day 7 macrophages. Thereafter, a stimulation in tritiated thymidine uptake was 
found. In contrast, tritiated thymidine uptake by day 8 fibroblasts was accelerated by coculture with 
macrophages, especially those collected on postoperative day 7. Day 4 fibroblasts assumed a more 
spindly appearance when cocultured with macrophages than did day 8 fibroblasts. Taken together, these 
deta suggest that macrophages activated in response to surgical injury may secrete substances that 
induce proliferation and transformation of fibroblasts. (Am J Osster GYNECOL 1986;155:905-11.) 


Key words: Fibroblasts, macrophages, wound healing 


Peritoneal wound healing and postoperative adhe- 
sion formation typically result from a fibroproliferative 
inflammatory reaction by mesothelial tissue following 
peritoneal injury. * Macrophages appear to play an 
especially important role in this respone, including 
stimulation of fibroblast proliferation, which is po- 
tentially mediated by macrophage-derived mitogenic 
factor(s).>'° 

The purpose of this study was to characterize the 
kinetic activity of fibroblast mitogens by coincubation 
with postoperative macrophages collected at different 
postoperative intervals using as end points tritiated thy- 
midine incorporation into the fibroblast and gross cell 
counts. Further, we observed alterations in fibroblast 
morphology induced by postoperative activated mac- 
rophages. 
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Material and methods 


Preparation of macrophages. One group of New 
Zealand White female rabbits (1.0 to 1.2 kg) urderwent 
a midline laparotomy followed by resection (2.0 cm) 
and reanastomosis of the ileum with 4-0 Dexon (Davis- 
Geck, Manati, Puerto Rico). The abdominal wound was 
then closed in two layers with 4-0 nylon sutures (Eth- 
icon, Raritan, New Jersey). 

Postoperatively (5, 7, 10, and 14 days after bowel 
reanastomosis) the rabbits were put to death by pen- 
tobarbital overdosage. Immediately thereafter, perito- 
neal exudative cells were collected by lavage of the peri- 
toneal cavity with 30 ml of Dulbecco’s phosphate-buff- 
ered saline solution (pH 7.4) containing heparin (20 
IU/ml) (Elkis-Simm, Inc., Cherry Hill, New Jersey) 
(three rabbits per time group). As a control, peritoneal 
fluid cells from nonoperative rabbits were collected in 
the same manner. Peritoneal exudative cells were re- 
suspended in 17 mmol/L of Tris hydrochloride (pH 
7.4) and the contaminating erythrocytes lysed by the 
addition of 0.75% ammonium chloride (Xx three vol- 
umes) and removed by washing with phosphate-buff- 
ered saline solution (300 x g x 2).'" The collected 
cells were resuspended in medium 199 (Gibco, Grand 
Island, New York). Exarnination of Wright's stained 
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Fig. I. Cell growth and tritiated mide incorporation of peritoneal tissue repair cells daie 
from injured peritoneal wall on postoperative days 4 or § after 5 days’ incubation in vitro. Each 
data point represents the geometric mean and 95% range of three experiments. A = Number, of 
day 4 fibroblasts; A = number of day 8 fibroblasts; O = tritiated thymidine incorporation of day 4 
fibroblasts; @ = tritiated thymidine incorporation by day 8 fibroblasts. 


cells indicated that at least 90% of the cells were mac- 
rophages.'! !? The macrophage-enriched cell popula- 
tion (referred to hereafter as macrophages) was added 
(2.5 x 10°) into culture dishes and cocultured with 
. postoperative fibroblasts (1.5 x 10° per dish). 

Preparation of fibroblasts. In other rabbits, perito- 
neal wall abrasion with sterile gauze (25 cm’, 5 by 5 cm) 
was performed to collect fibroblasts under the influence 
of acepromazine (3 mg/kg, Aveco, Fort Dodge, lowa) 
and ketamine (200 mg/kg, Parke-Davis, Morris Plains, 
New Jersey) anesthesia. Postoperatively (peritoneal wall 
abrasion; 4 and 8 days), rabbits underwent a second 
laparotomy with use of the same anesthetic for collec- 
tion of tissue repair cells. Fibroblasts were obtained by 
debridement of the peritoneal wall with a surgical 
blade.'? The cells were resuspended in 17 mmol/L of 
Tris hydrochloride and the contaminating erythrocytes 
lysed by the addition of 0.75% ammonium chloride and 
washed with phosphate-buffered saline solution. The 
collected cells (hereafter referred to as fibroblasts), were 
resuspended in medium 199 containing 10% fetal calf 
serum and antibiotics (PC-G and SM) and incubated at 
37° C in a humidified 5% carbon dioxide atmosphere. 
One, 2, 3, and 4 days after plating, the medium was 
removed, the cells were washed twice with phosphate- 
buffered saline solution alone, and new medium was 
replaced. After 5 days of incubation, when fibroblasts 
increased rapidly and became the principal cell type, 
the dishes were plated in a standardized cell concen- 
tration (1.5 x 10° cells per dish). 

Fibroblast proliferation. The determination of tri- 
tiated thymidine incorporation into acid-insoluble ma- 


terial following stimulation of cells with postope-ative 
peritoneal macrophages was performed as reported 
previously with the following minor modificazions: 
1:5 x 10° fibroblasts were plated in each culture dish 
(35 mm Falcon plastic culture dish; total of five dishes). 
Peritoneal macrophages -(2.5 x’ 10° cells) were added 
to the culture 2 hours after plating fibroblasts. Twenty- 
four hours after the addition of macrophages, - pCi 
of tritiated thymidine (tritiated methyl/thymidine, spe- 
cific activity of 20.0 Ci/mmol, New England Nuclear, 
Boston, Massachusetts) was added to three of five cishes 
and the cells were incubated for an additional 18 bours. 
The cells were washed twice with phosphate-buf<ered 
saline solution and treated with 0.25% trypsin to facil- 
itate resuspension of the cells. The two dishes wichout 
thymidine were pooled and equally divided into five 
aliquots. These samples were cultured again wita tri- 
tiated thymidine added to three of the five dishes. After 
18 hours of incubation the cells were treated as de- 
scribed above and the two dishes without thymmdine 
were again pooled and redivided into five equal aliquots 
to repeat the procedure. In each instance the tritiated 
thymidine samples were counted at the completion of 
each 18-hour incubation. To count the cells of the other 
three dishes containing tritiated thymidine, they were 
washed twice with ice-cold phosphate-buffered saline 
soluticn and extracted for 3 hours with ize-cold 10% 
trichloroacetic acid and then washed twice with ice-cold 
10% trichloroacetic acid. The precipitate was them dis- 
solved in 0.5 ml of Hyamine hydrochloride (J. T. Eaker 
Chemical, Phillipsburg, New Jersey) at 60° C for 30 
minutes. The solution was transferred to a scintillation 
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Fig. 2. Cell number and tritiated thymidine incorporation of fibroblasts 2 days after the addition of 
postoperative macrophages. Each data point represents the geometric mean and 95% range of three 
experiments. A = number of day 4 fibroblasts; å = number of day 8 fibroblasts; © = tritiated thy- 
midine incorporation by day 4 fibroblasts; ® = tritiated thymidine incorporation of day 8 fibroblasts. 


vial, and counts per minute were determined by a liquid 
scintillation counter. 

Statistical analysis. Data were initially evaluated by 
ranked analysis to determine the distribution and then 
by Kruskal-Wallis one-way analysis of variance to ex- 
amine the differences within the groups, followed by 
Mann-Whitney U test for two groups. Results are pre- 
sented as geometric mean and 95% range. 


Results 


‘Five days after initiation of fibroblast culture we ex- 
amined the growth and tritiated thymidine incorpo- 
ration rates of postoperative fibroblasts over an addi- 
ticnal 16-day interval. After 16 days of culture the num- 
ber of postoperative day 4 and 8 fibroblasts increased 
to 2.2 X 10° and 3.1 x 10° per dish, respectively. In- 
corporation of tritiated thymidine per | 10° cell, which 
was constant for 14 days, was similar for day 4 and day 
8 fibroblasts (Fig. 1). 

Two days after addition of macrophages. The num- 


ber of day 4 and day 8 fibroblasts after coculture with _ 


postoperative macrophages was less than the number 
of control fibroblasts cocultured with peritoneal resi- 
dent (nonsurgical) macrophages 2 days after the ad- 
dition of the macrophages. Day 4 fibroblasts cocultured 
with postoperative day 5 macrophages had the same 
tritiated thymidine incorporation as control fibroblasts. 


However, tritiated thymidiné incorporation by day 4. 


fibroblasts cocultured with day 7 macrophages signifi- 
cantly decreased and then gradually increased. Ac- 
cordingly, macrophages from postoperative day 7 had 
the greatest suppressive éffect on day 4 fibroblasts. Day 
8 fibroblasts cocultured ‘with day 5-macrophages had 


the same tritiated thymidine incorporation as control 
fibroblasts. However, the tritiated thymidine incorpo- 
ration by day 8 fibroblasts cocultured with day 7 mac- 
rophages significantly increased and then gradually de- 
creased. That is, postoperative day 7 macrophages had 
the greatest accelerative effect on the tritiated thymi- 
dine incorporation and proliferation of day 8 fibroblast 
(Fig. 2). 

Four days after addition of macrophages. The cell 
number of day 4 fibroblasts cocultured with days 5 to 
14 macrophages 4 days after the addition of macro- 
phages was the same as in controls. However, the num- 
ber of day 8 fibroblasts cocultured with day 5 macro- 
phages was initially less than control and then gradually 
increased. Day 4 fibroblasts cocultured with day 5 mac- 
rophages had less tritiated thymidine incorporation 
than control. Thymidine incorporation of day 4 fibro- 
blast cocultured with day 7 macrophages significantly 
decreased and then increased to control levels. Day 8 
fibroblasts cocultured with days 5 tc 14 macrophages 
had less incorporation of tritiated thymidine than fi- 
broblasts cultured ‘with resident peritoneal macro; 
phages (Fig. 3). 7 

Six days after addition of macrophages. The cell 
number of day 4 fibroblasts cocultured with days 5 to 
14 macrophages was significantly greater than controls 
with the highest value being fibroblasts cocultured with 
day 5 macrophages. The number of day 8 fibroblasts 
cocultured with day 5 macrophages was less than con- 
trols, transiently increased, and then decreased to con- 
trol numbers. Day 4 fibroblasts cocultured with days 5 
to 14 macrophages incorporated a similar amount of 
tritiated thymidine as contro] fibroblasts. But day 8 fi- 
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Fig. 3. Cell number and tritiated thymidine incorporation of fibroblasts 4 days after the addition of 
postoperative macrophages. Each data point represents the geometric mean and 95% range of three 


experiments. A = Number of day 4 fibroblast; 4 = 


number of day 8 fibroblast; O = tritiated thy- 


midine. incorporation by day + fibroblasts; ® = tritiated thymidine incorporation by day 8 fibroblasts. 
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Fig. 4. Cell number and tritiated thymidine incorporation cf fibroblasts 6 days after the addition of 
postoperative macrophages. Each data point represents the geometric mean and 95% range of three 
experiments. A = Number of day 4 fibroblasts; A = number of day 8 fibroblasts; O = tritiated 
thymidine meor porangn by day 4 fibbroblasts; © = tritiated thymidine incorporation by day 8 fi- 


broblasts. 


broblast cocultured with days 5 to 14 macrophages had 
more incorporation than controls with a significant 
peak evident in tritiated thymidine incorporation by 
day 8 fibroblasts cocultured with day 7 macrophages 
(Fig. 4). 

Eight days after addition of macrophages. The num- 
ber of day 4 fibroblasts cocultured with day 5 macro- 
phages was greater than controls, reaching a peak value 
with day 4 fibroblasts cocultured with day 7 macro- 
phages and then gradually decreasing to control levels. 


Day 8 fibroblasts had almost the same pattern as day 4 
fibroblasts, with peak levels found in day 8 fibrcblasts 
cocultured with day 7 macrophages. Day 4 fibrcblasts 
cocultured with days 5 to 14 macrophages contained 
more tritiated thymidine incorporation than controls 
with maximal amounts in day 4 fibroblast cocultured 
with day 7 macrophages. Macrophages derived from 
postoperative day 7 induced a significantly greater tri- 
tiated thymidine incorporation and proliferation of day 
4 fibroblasts in contrast to the results of 2 days of co 
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Fig. 5. Cell number and tritiated thymidine incorporation of fibroblasts 8 days after the addition of 
postoperative macrophages. Each data point represents the geometric mean and 95% range of three 
experiments. A = Number of day 4 fibroblasts; A = number of day 8 fibroblasts; © = tritiated 
thymidine incorporation by day 4 fibroblasts; @ = tritiated thymidine incorporation by day 8 fibro- 


blasts. 


culture with macrophages (Fig. 2). Day 8 fibroblasts 
cocultured with days 5 to 14 macrophages had almost 
the same value as controls (Fig. 5). 

Fibroblast morpholoic structure. A marked change 
in fibroblast morphologic structure was rapidly induced 
after coculture with postoperative macrophages and 
completed within 24 hours. This morphologic change 
of fibroblasts from an oval to a sharp spindle shape is 
demonstrated in Fig. 6. This change was more re- 
markable in day 4 fibroblasts, especially day 4 fibroblast 
cocultured with day 7 macrophages, than in day 8 fi- 
broblasts. After the removal of macrophages from 
dishes, the shape of fibroblasts gradually returned to 
that of precoculture conditions. 


Comment 


Peritoneal repair after operative injury is followed 
bv an inflammatory response characterized by a rela- 
tively rapid accumulation of polymorphonuclear neu- 
trophils and macrophages at the site of injury.'' '* In 
contrast to the polymorphonuclear neutrophils, mac- 
rophages are critical to the resolution of surgical in- 
jury."'** In our previous reports, the total number of 
peritoneal exudative cells on day | after bowel reanas- 
tomosis rapidly increased, primarily as a result of poly- 
morphonuclear neutrophil influx. Thereafter the num- 
ber of neutrophils rapidly decreased, accompanied by 
an increase in the number of macrophages. After post- 
operative day 5, =90% of the peritoneal exudative cells 
were macrophages.'' '* We demonstrated that the met- 
abolic activities in these exudative cells reflect the met- 
abolic activities of tissue repair cells directly involved 
With postoperative peritoneal reepithelialization. 


Peritoneal tissue repair cells synthesize modulators 
of fibroproliferative inflammation including vasoactive 


- substance, as well as chemotactic and growth factors." 


Macrophages appear to play an especially important 
role in this response, including stimulation of fibroblast 
proliferation, angiogenesis, and secretion of neutral 
protease-like plasminogen activators.** '®, Previously, 
we reported the kinetics of macrophage metabolic 
activities including proline and glucosamine incorpo- 
ration into protein and glycosaminoglycans, respec- 
tively," and the secretion of plasminogen activator.’ 
The postoperative macrophages recovered from the 


site of peritoneal injury as well as from the postoper- 


ative peritoneal exudate in rabbits had the greatest met- 
abolic activity on postoperative days 5 to 7.'''6 

In this study, we found a differential response by day 
4 and day 8 fibroblasts, which were exposed in situ to 
4 and 8 days of postoperative activated macrophages, 
respectively. Macrophages from postoperative day 7 in- 
hibited tritiated thymidine incorporation by day 4 f- 
broblasts after 2 days of culture. Conversely, after 8 
days of culture, postoperative day 7 macrophages stim- 
ulated tritiated thymidine incorporation as well as cell 
proliferation by day 4 fibroblasts. These findings could 
be interpreted to mean that postoperative macrophages 
might initially inhibit cell division oz day 4 fibroblasts, 
and thereafter, facilitate fibroblast mitosis. Consistent 
with this hypothesis was our finding that postoperative 
macrophages accelerated both patterns in day 8 fibro- 
blasts, which presumably were previously exposed to 
activated macrophages in vivo. Macrophages from 
postoperative day 7 strongly stimulated tritiated thy- 
midine incorporation by day 8 fibroblasts after 2 days 
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Fig. 6. Appearance of fibroblasts before and 24 hours after the addition of postoperative day 7 
macrophages. A, Day 4 fibroblasts before the addition of macrophages. ( x 200.) B, Day 4 fibroblasts 
24 hours after the addition of macrophages, (Xx 200.) 


of culture. After 8 days of culture the stimulative effect 
of these macrophages returned to control (nonsurgical 
resident peritoneal macrophages) level. These findings 
suggest that activated macrophages stimulate division 
of day 8 fibroblasts, which might be less activated and 
older than day 4 fibroblasts. | 
What might the role of the postoperative macro- 
phage be in fibroblast proliferation and how might 


these events be mediated? Other investigators dem- 


onstrated the presence of fibroblast mitogenic factors 
(for example, fibroblast growth factor, macrophage-de- 
rived fibroblast growth factor®’*). Recently, the isolation 
and partial structural characterization of bovine pitu- 
itary fibroblast growth factor as well as immunoreactive 
fibroblast growth factor in peritoneal exudative cells 
from mice was reported. These substances were shown 
to significantly increase fibroblast number and tritiated 


thymidine incorporation by fibroblasts. In this s:udy, 
postoperative activated macrophages appeared to alter 
both the morphologic structure of fibroblasts as well as 
their mitotic rate. ‘The obvious change in the morpho- 
logic condition of fibroblasts from the resiing state to 
other states (migratory?) may be an indication of a zom- 
plex change in cellular differentiation. The trit-ated 
thymidine studies of day 4 fibroblasts incubated with 
macrophages indicated an initial decrease in the rate 
of cell division. This alteration in cellular kinetics which 
occurred at the same time as the alteration in fibroblast 
morphologic structure in response to macrophages is 
consistent with cell “transformation” from the resting 
state to the “mobile”? Thus the postoperative macro- 
phages may directly modulate fibroblast recruitment 
into the site of repair through secretion of substences 
that induce transformation, migration, and prolifera- 
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tion of fibroblasts. Results from our experiments after 
2 days of culture may reflect the temporal nature of 
these functions. The metabolic activities of postoper- 
ative macrophages in the rabbit were found in our pre- 
vious studies to manifest peak activities on or about 
postoperative days 5 to 7,'"'*'® In the early stages 
of postoperative reepithelialization, activated macro- 
phages appear to stimulate transformation of day 4 
fibroblasts and stimulate proliferation of day 8 fibro- 
blasts, again with peak values occurring on postoper- 
ative day 7. Thus the principal template for postop- 
erative reepithelialization in the rabbit appears to be 
manifest 7 days after peritoneal surgery. 
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In the article by van de Walle and Martin, entitled “Effect of ritodrine on uteropla- 
cental blood flow and cardiac output distribution in unanesthetized pregnant guinea pigs” 
(Am J OBSTET GYNECOL 1986;154:189), ih Table I, on page 191, under the heading 
. “Recovery,” the last entry, 2.15 + 0.03, should have been 0.25 + 0.03. 
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Intrauterine contraceptive RNEER 


To the Editors: 

In the May 1, 1985 issue of the JOURNAL an article 
by Keith et al. (Surface changes in intrauterine contra- 
ceptive devices after variable use. AM J OBSTET Gy- 
NECOL 1985;152:69-78) dealt with, among other mat- 
ters, a phenomenon which to their knowledge had “not 
been described previously in literature.” 

I would like to mention that as early as 1982 an article 
by K. Patai et al. described the same phenomenon.’ This 
publication was complemented by several other arti- 
cles. oa 

Kálmán Palai, M.D. 
Semmelweis Medical University | 
Second Department of Obstetrics and Gynecology 
H-1082 Budapest, Üllöi ut 78, Hungary 
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Reply 
To the Editors: 

Dr. Patai is obviously correct, but at the time the 
manuscript was prepared and the literature review per- 
formed, the original article cited in the Journal of Hun- 
garian Gynecologists was unknown to us. Subsequently, 
we have communicated with Dr. Patai and have in- 
cluded his references in later publications. Neither my 
coauthors nor J had any wish or desire to preempt Dr. 
Patai’s prior publication, and we apologize should he 
or the readers think that this was the case. The letter 
illustrates ‘that even the most meticulous computer 
search does not always detect all references in the lit- 
erature and our growing inability to deal with articles 
that have not been included in n computer searches. 

Louis Keith, M.D. 
Department of Obstetrics and eae 
Northwestern University Medical School 
333 East Superior Street 
Chicago, Illinois 60611 


Kell sensitization in pregnancy 
To the Editors: 

I have read the paper entitled “Kell sensitization in 
pregnancy” by Caine and Mueller-Heubach with inter- 
est (AM J OBSTET GYNECOL 1986;154:85-90). The Win- 
nipeg Rh Laboratory experience with Kell alloimmu- 
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Fig. 1. Four serial AOD. measurements in n affected Rh-allo- 
immunized pregnancies. 


nization (194 instances in 200,000 pregnancies in the 
12-year period ending October 31, 1985) is in agree- 
ment with the authors’ data and conclusions with one 
exception. Since the pathogenesis of anti-Kell e-yth- 
roblastosis fetalis is identical to that of anti-Rh e-yth- 
roblastosis, namely, antibody coating of fetal red cells 
with hemolysis and subsequent anemia, one would ex- 
pect that Kell immunization would have the same effect 
on the bilirubin content of amniotic fluid surrounding 
an affected fetus as does its Rh counterpart. 

In early pregnancy, severe Rh disease (hydrops: can 
be present at or before the delta optical density at 450 
nm (AOD,s0) readings rise into zone III. This was first 
reported by us in 1969,' The accompanying figure trom 
that paper shows four serial AOD» measurements in 
affected Rh alloimmunized pregnancies (Fig. 1). Fetal 
transfusions were not carried out until the AOD4so rises 
reached zone III of Liley. In all four instances, we in- 
tervened too late. All four were hydropic at the time 
of fetal transfusion, For that reason, we have al- 
ways recommended initiating fetal transfusion if serial 
AOD,s« readings rise into the 80% to 85% level of 
zone Ii. 

Table I in the paper of Caine and Mueller-Heubach 
is of great interest. A. H. No. 1, a patient with ar. hy- 
dropic neonatal death after delivery at 27 weeks’ ges- 
tation, had a AOD 4s reading of 0.262 which is at the 
95% level in zone II at 26% weeks’ gestation and com- 
patible ‘with hydrops fetalis. M. J. 1s said to have deliv- 
ered at 34 weeks’ gestation. The AOD so reading was 
plotted at 31⁄2 weeks’ gestation, although the autaors 
state that all final amniotic fluid AOD4so readings were 
within a week of delivery. If replotted to 33 weeks’ 
gestation, M. J.’s AOD,59 reading of 0.135 is at the 90% 
level of zone II, compatible with an hydropic Rh sur- 
vivor with a cord hemoglobin level of 7.5 gm/dl. The 


Volume 155 
Number 4 


AOD,s0 reading of 0.197 at 24% weeks’ gestation in 
A. H. No. 2 is indeed inaccurate, since that reading ts 
only at the 63% level in zone II. It must be remembered 
that serial amniotic fluid AOD,;) readings will be in- 
accurate 5% of the time, and in 40% of the 5% (2% 
overall) will be life-threateningly inaccurate.* The au- 
thors’ fourth example, A. S. who had a zone I AOD.so 
fluid (0.015) at 37 weeks’ gestation, 7 days before de- 
livery of a nonhydropic infant with a cord hemoglobin 
of 3.5 gm/dl and a cord bilirubin level of 1.0 mg/dl, is 
remarkable to say the least.. We have never seen such 
a gross discrepancy between AOD,» readings and cord 
hemoglobin levels when the anemia was shown to be 
due to hemolysis. We have, however, seen several ex- 
amples of very severe anemia in affected Rh babies with 
much less hyperbilirubinemia than one might have ex- 
pected. In one instance in 1964 the cord hemoglobin 
was 2.5 gm/d]; the baby, not hydropic, had no signifi- 
cant hepatosplenomegaly and had a peak bilirubin level 
of 15.3 mg/dl after one exchange transfusion. We hy- 
pothesized that this fetus failed to'mount the usual 
erythroid response to severe anemia. It is conceivable 
that A. S. belongs in this category. We have also had a 
recent example of chronic gross transplacental hem- 
orrhage occurring in an Rh-alloimmunized pregnancy, 
wherein the baby, delivered at 36 weeks’ gestation had 
a cord hemoglobin of 3.8 gm/dl. He never developed 
any significant hyperbilirubinemia and survived after 
a simple transfusion. From Kleihauer fetal cell studies, 
there were 62 mi of Rh-positive fetal cells in the al- 
loimmunized mother’s circulation at the time of deliv- 
ery. The transplacental hemorrhage had undoubtedly 
been much larger than this, since the fetal Rh-positive 
cells would have been cleared rapidly. Is it possible that 
the severe anemia in A. S. was due to a similar trans- 
placental hemorrhage? Since the anti-Kell would clear 
fetal Kell-positive’ cells from the maternal circulation as 
quickly as anti-Rh would clear Rh-positive fetal red 
cells, such a hypothesis could only be proved if maternal 
Kleihauer testing was carried out immediately after 
birth. The belief that hemolysis was not severe in A. S. 
is supported by the low cord bilirubin level of 1.0 
mg/d] and the peak bilirubin level of 5.8 mg/dl after 
one exchange transfusion. 

We do not agree with the authors’ thesis that “inter- 
pretation of AOD,;5 results and subsequent manage- 
ment of the Kell-sensitized pregnancies cannot be based 
on the experience of Rhesus sensitization.” We will con- 
tinue to manage Kell-immunized pregnancies, when 
the father of the fetus is Kell positive, in exactly 
the same manner as we manage Rh-immunized preg- 
nancies. 

John M. Doumea M.D. 
Rh Laboratory 
735 Notre Dame Avenue 
Winnipeg, Manitoba, Canada R3E OLE 
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Reply 
To the Editors: 

We appreciate the interest which Dr. Bowman has 
taken in our paper on Kell sensitization. Regarding his 
specific comments we would like to point ou: that pa- 
tient M. J. was delivered at 31.5 weeks’ gestation, one 
day after AOD 450 determination, and not at 34 weeks’ 
gestation. This is apparent from the text and Table I 
as well as Fig. 1. Thus his replotting of the AOD 450 
value at 33 weeks’ gestation to accommodate his treat- 
ment approach is not valid. Patient. A. H. No. 2 sup- 
ports our proposed treatment apprcach to pat.ents with 
Kell sensitization in the high midzone. Unfortunately 
in patient A: S., Kleihauer testing to verify the possi- 
bility of transplacental hemorrhage was not dane. How- 
ever, the neonatal reticulocyte count was 1.8%, sug- 
gesting that transplacental hemorrhage was not present 
unless it occurred immediately before delivery or, as 
Dr. Bowman has hypothesized, the fetus failed to 
mount the usual erythroid response to severe anemia. 
There is a difference of opinion bezween Dr. Bowman 
and ourselves regarding our statement that interpre- 
tation of AOD 450 results and subsequent management 
of Kell-sensitized pregnancies cannot be based on the 
experience with Rhesus sensitization. This difference 
of opinion is due to the treatment approach which Dr. 
Bowman takes to his Rh-sensitized patients who have 
AOD 450 values in the upper 20% of Liley’s midzone. 
He does intrauterine fetal transfusions in these patients 
whereas we transfuse Rh-sensitized patients only when 
AOD 450 values are in the high zone, that is, the in- 
trauterine fetal transfusion zone as defined at the Ross 
conference on intrauterine transfusion and erythro- 
blastosis fetalis.’ This approach tc Rh-sensitized pa- 
tients has served us well over the last decade and con- 
curs also with the approach of 15 centers from which 
1097 intrauterine transfusions have been reported in 
1969 with a survival of 34%.* Similarly, the American 
College of Obstetricians and Gynecologists ir. its tech- 
nical bulletin on management of isoimmunization in 
pregnancy endorses intrauterine fetal transfusion only 
when AOD 450 values are in Liley’s high zone.’ Other 
investigators as well as ourselves have seen AOD 450 
values in. the upper midzone in Rh-sensitized patients 
carrying an Rh-negative fetus.’ The higher survival rate 
following intrauterine fetal transfusion (62%) reported 
by Bowman and associates‘ may be due to a number of 
unnecessary intrauterine fetal transfusions ir. patients 
with AOD 450 values in the upper 20% of the Liley mid- 
zone. In contrast to the success in the management of 
Rh-sensitized pregnancies which the apparent majority 
of investigators including ourselves have had using the 
intrauterine fetal transfusion zone delineated at the 
Ross Conference and supported by the American Col- 
lege of Obstetricians and Gynecologists, we have found 
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that in Kell-sensitized pregnancies, this approach is in- 
adequate. This prompted our statement that patients 
with Kell sensitization have to be managed differently 
from patients with Rh sensitization. It happens that our 
proposed management of Kell-sensitized pregnancies is 
in some aspects similar to Dr. Bowman's approach to 
Rh-sensitized pregnancies although his approach to Rh- 
sensitized pregnancies is a minority opinion. 
Mark E. Caine, M.D. 

Eberhard Mueller-Heubach, M.D. 
University of Pittsburgh 
Magee-Womens Hospital 
Forbes Avenue and Halket Street 
Pittsburgh, Pennsylvania 15213 
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intrapartum management of second twin: 

Internal podalic version with unruptured 

membranes 
To the Editors: 

We read with interest the article by Olofsson and 
Rydhstrém on the intrapartum management of the sec- 
ond twin (Olofsson P, Rydhstrém H. Twin delivery: 
How should the second twin be delivered? Am J OBSTET 
GYNECOL 1985;153:479). The authors stressed their 
concern about the increasing rate of cesarean sections 
for delivery of the second twin after vaginal delivery 
of the first infant in their country. 

The current controversy surrounding the appropri- 
ate mode of delivery of twins with vertex-nonvertex 
presentations has been partly attributed to the large 
variability in intrapartum measures taken as the result 
of the retrospective design of existing studies." ? The 


guidelines of Olofsson and Rydhstrém can serve as a. 


basis for increased uniformity in the attempt to define 
the optimal management of these high-risk deliveries. 

We would like to add one further recommendation 
for vaginal delivery of the second twin in a transverse 
lie. Internal podalic version of the second twin is tra- 
ditionally performed with ruptured membranes.* * 
Based on our clinical experience it seems important to 
avoid the rupture of the second amniotic sac until after 
internal version has been completed, since the amniotic 
fluid surrounding the fetus increases its mobility. In 
our department, if the second twin presents in a trans- 
verse lie, an internal podalic version is performed with 
the mother under either general anesthesia or epidural 
analgesia. The operator identifies the feet of the fetus 
and grasps them with one hand without rupturing the 
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amniotic membranes. The feet are then pulled gently 
and constantly toward the cervix and into the tirth 
canal through the intact membranes, while the ozher 
hand is used to dislodge and elevate the fetal kead 
toward the uterine fundus by pressure applied simul- 
taneously to the abdominal wall. Membranes are rup- 
tured as late as possible during the initiation of a total 
breech extraction. 

This technique has been successfully used by us on 
multiple occasions during the last decade. It appzars 
to enable a smoother dislodgment of the fe-us without 
the need for potentially hazardous tocolytic medication 
as suggested by others. We have just completed a pro- 
spective study on the intrapartum management of the 
second nonvertex twin (with a comparison of vaginal 
versus cesarean delivery). Eight second twins in a trans- 
verse lie were managed by internal versions and vaginal 
delivery as described. All neonates fared well; no com- 
plications were noted, and no tocolytic medication was 
needed. 

Internal podalic version and total breech extraction 
without previous rupture of the amniotic membranes 
appears to offer a satisfactory. alternative in the man- 
agement of the second twin in a transverse lie. 

Jaron Rabinovici, M.D. 
Gad Barkai, M.D. 
Shlomo Mashiach, M.D. 
Department of Obstetrics and Gynecology 
The Chaim Sheba Medical Center 
Affiliated to the Tel-Aviv University 
Sackler School of Medicine 
Tel-Hashomer 52621, Israel 
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Reply 

To the Editors: 
' Dr. Rabinovici and colleagues call attention to what 
is, in their opinion, a safer way of performing version 
of the second twin. They also hesitate to use tocclytic 
agents, as these are potentially hazardous. 

Our article was aimed to give directions for intra- 
partum management of twin delivery, with the motive 
to prevent second-twin accidents. With an alert obste- 
trician these risks can be minimized. The ultimate goal 
is to get the second twin in a longitudinal position by 
gentle manual force. The point is to start this maneuver 
before delivery of the first twin. The need for internal 
version will then be minimal. 

When we recommend an internal version of the sec- 
ond twin, it is as a last alternative, when other measures 
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have failed. An internal version may be traumatic, es- 
pecially in connection with fetal hypoxia, but uterine 
muscle relaxation makes the manipulation easier. We 
agree with the opinion that a version with intact mem- 
branes may be less traumatic. We look forward to seeing 
the result of Rabtnovici and colleagues’ prospective 
study, although we are skeptical of the recommenda- 
tions for general anesthesia or epidural block. What 
about the risk of uncontrolled, spontaneous rupture of 
the membranes while preparing for anesthesia? 

We are well aware of the adverse effects of B-sym- 
pathomimetic tocolytic agents.’ However, almost all 
reported complications have occurred in connection 
with infusions. When we recommend terbutaline for 
tocolysis, it is given in a single dose. The risk is then 
very small, 

Per Olofsson, M.D. 
Håkan Rydhstrém, M.D. 
Depariment of Obstetrics and Gynecology 
University Hospital 
Lund, Sweden 
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Delivery of premature twins 


To the Editors: 

We found the recent article by Olofsson and Rydh- 
str6m entitled “Twin delivery: How should the second 
twin be delivered?” (AM J OBSTET GYNECOL 
1985;153:479-81) to be very interesting. The authors 
suggest that obstetricians should change their attitude 
away from considering cesarean section as the optimal 
-mode for the delivery of twins to an attitude in favor 
of vaginal delivery. Nevertheless, in their fourth cri- 
terion they recommend routine cesarean section before 
the thirty-fourth week of pregnancy, irrespective of the 
fetal presentation. 

We must point out that there is general agreement 
that vaginal delivery is appropriate for vertex-vertex 
twins and that cesarean section is beneficial in nonver- 
tex presentation.'* We recently made a comparative 
study of twin pregnancies with vertex-vertex and ver- 
tex-breech presentations and found that the perinatal 
morbidity and mortality were primarily associated with 
prematurity and only to a lesser degree with the type 
of presentation or mode of delivery.’ 

To the best of our knowledge, no study has yet es- 
tablished that cesarean section is the optimal route of 
delivery for premature fetuses when both are in vertex 
presentation.’ Furthermore, intraventricular hemor- 
rhage is the most common brain complication in pre- 
term fetuses, and there are divergent views in the lit- 
erature regarding the effect of mode of delivery on the 
incidence of this hazard. We would therefore like to 
suggest that a well-designed prospective study is nec- 
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essary before such a significant conclusion can be | 
reached. In the meantime the primary concern of ob- 
stetricians should be to prevent or reduce the incidence 
of preterm delivery in twin gestations. 
M. Mazor, M.D. 
J. R. Leiberman, M.D. 
Z. J. Hagay, M.D. 
Division of Obstetrics and Gynecology 
Soroka University Hospital 
Faculty of Health Sciences 
Ben-Gurion University of the Negev 
Beer-Sheva, Israel 


REFERENCES 


1. Chervenak FA, Johnson RE, Youcha S, Hobbins JC, Ber- 
kowitz RL. Intrapartum management of twin gestation. 
Obstet Gynecol 1985;65:119. 

2. Chervenak FA, Johnson RE, Berkowitz RL, Grannum P, 
Hobbins JC. Is routine cesarean section necessary for ver- 
tex-breech and vertex-transverse twin gestations? AM J 
OBSTET GYNECOL 1984;148:1. . 

3. Acker D, Lieberman M, Holbrook H, James ©, Phillippe 
M, Edelin KC. Delivery of the second twin. Obstet Gynecol 
1982;59:710. 

4. Mazor M, Leiberman JR, Dreval D, Wiznitzer A, Alyagon 
A, Insler V. Management and outcome of vertex-breech 
and vertex-vertex presentation in twin gestation: a com- 
parative study. Eur J Obstet Gynecol Reprod Biol (in press). 

5. Westgren M, Paul RH. Delivery of the low birth weight 
infant by cesarean section. Clin Obstet Gynecol 1985; 
28:752. 


Reply 
To the Editors: 

Dr. Mazor and colleagues have raised objections to 
our recommendation of abdominal delivery of twins 
before 33 completed weeks of gestation. They point 
out that cesarean section has not yet proved to be the 
optimal mode of delivery for premature twins. Ac- 
cording to a study of their own, perinatal mortality and 
morbidity of twins are associated mainly with prema- 
turity and not with the mode of delivery per se. Their 
paper has yet not been published, however, and we have 
not had the possibility of evaluating the reliability of 
their statement. 

Per Olofsson, M.D. 
Hakan Rydhstrém, M.D. 
Department of Obstetrics and Gynecolozy 
University Hospital 
S-221 85 Lund, Sweden 


Reports on collagen content in amnion with 
premature rupture of the membranes 


To the Editors: 

Recently a report by Kanayama et al. entitled “Col- 
lagen types in normal and prematurely ruptured am- 
niotic membranes” (AM J OBSTET GYNECOL 1985; 
153:899-903) stated the following: “There is a discrep- 
ancy in the content of collagen in amnion with PROM. 
Skinner et al... . reported that the collagen content in 
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amnion with PROM is lower than that of normal am- 
nion, whereas Al-Zaid et al. ... reported that the col- 
lagen content does not change with PROM.” 

The reference to the two reports as being in contrast 
is only justifiable if both reports are referring to the 
amniotic collagen, which is what Skinner et al. have 
investigated, whereas that of Al-Zaid et al. refers to the 
fetal membranes as a unit (amnion and chorion). 

Naji S. Al-Zaid 
Department of Physiology 
Kuwait University 
P.O. Box 24923 
Alrazi, Kuwait 


Reply 
To the Editors: 

I would like to thank Dr. Al-Zaid for his interest in 
this report. I cannot agree with his comment, because 
it was now clarified that the content of collagen in am- 
nion with PROM decreased in comparison with that 
without PROM. If the content of collagen in fetal mem- 
brane (amnion and chorion) did not change between 
the cases with PROM and those without PROM, the 
content of collagen in chorion with PROM would in- 
crease. Is that right? 

Previous to this study, we investigated the histologic 
findings in fetal membrane around the rupture site. As 
a result, the thickness of chorion changed irregularly 
and chorion sometimes contained decidua. On the 
other hand amnion formed uniformly and was not con- 
taminated with other tissue. Thus considering the dif- 
ference of collagen content of fetal membrane between 
the cases with PROM and those without PROM, we 
recognize that measuring the content of collagen in 
amnion would be a better method than measuring the 
content of collagen in fetal membrane (amnion and 
chorion). 

Naohiro Kanayama 
Department of Obstetrics and Gynecology 
Hamamatsu University School of Medicine 
3600 Handa-cho 
Hamamatsu 431-31-, Japan 


Fetal heart rate monitoring patterns 


To the Editors: 

I enjoyed reading Clark and Paul’s article regarding 
fetal heart rate monitoring and the lack of necessity for 
scalp pH sampling (AM J] OBSTET GYNECOL 1985;153: 
717-20). Unfortunately there was one area of the article 
that was confusing to me. The autnors have quoted 
Painter et al.', who describe fetal heart rate patterns as 
a method of predicting developmental abnormalities in 
children. According to Paneth et al.,” these develop- 
mental abnormalities do not appear to have persisted 
into later childhood. 

I recently had the experience of testifying in court 
where the plaintiff’s lawyer tried to make the allegation 
that the unusual monitor patterns correlated with the 
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infant’s poor long-term outlook despite the fact that 
the infant appeared to be completely normal at kirth 
with Apgar scores of 9 and 9. Obviously, Painter et al.’s 
study could impact significantly on this case and fucure 
court cases if indeed there have been further studies 
to correlate variable or late deceleration patterns with 
long-term prognosis that persists into later childhood. 

I would appreciate learning whether there are o:her 
studies that correlate monitor patterns independent 
of the infant’s appearance at birth with long-term 
prognosis. 

Leslie G. Pool, M.D. 

Fort Street OB-GYN Center, P.A. 
121 East Fort Street 
Boise, [Idaho 83712 
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Reply 
To the Editors: 

We appreciate very much Dr. Poole’s interest in our 
article. Many studies have correlated fetal heart rate 
patterns with scalp pH and Apgar scores. Unfortu- 
nately, very few address the more important Issue, cor- 
relation of fetal heart rate patterns with long-term 
prognesis. To our knowledge, Painter et al.’s study, 
cited in Poole’s letter, is the only extensive investigztion 
in this area. Painter showed a general correlatior. be- 
tween fetal heart rate patterns and neurologic perfor- 


‘mance at 1 year. However, it is well established that 


even the most ominous-appearing intrapartum fetal 
heart rate patterns correlate extremely poorly with im- 
mediate indicators of newborn status such as Asgar 
scores and umbilical artery gases. With such a boor 
correlation at birth, any proposed long-term correla- 
tion would appear to be even less likely. 

Given our current state of knowledge, it seems un- 
justifiable to accuse a physician of causing long-term 
fetal damage in a specific case associated with an om- 
inous fetal heart rate pattern in the face of excellent 
Apgar scores. There is nothing currently in the liter- 
ature which would substantiate such an accusation. 
However, it is equally clear that given our current egal 
system, it will always be possible to find an “expert 
witness” who for the right amount of money will testify 
to anything, regardless of how unsubstantiated it may 
be. We hope that future long-term studies will shed 
additional light on this exceedingly important issue. 

Steven L. Clark, M.D. 
Richard H. Paul, M.D. 
Utah Valley Regional Perinatal Center 
Utah Valley Regional Medical Center 
1034 North 500 West ; 
Provo, Utah 84604 


Volume 155 
Number 4 


Catheterization of the great vessels with use of a 

guide wire : 
To the Editors: | 

Catheterization of the great vessels by the supracla- 
vicular approach reported by Helmkamp and Sanko 
(AM J OBSTET GYNECOL 1985;153:751) will surely fuel 
the debate between the supraclavicular and infracla- 
vicular phlebotomists. The article describes use of a 14- 
gauge needle for placement of a 16-gauge catheter. 
Cne refinement that might improve their excellent suc- 
cess rate and low complication rate is the widely used 
Seldinger technique with use of a guide wire into an 
18-gauge needle to place a 14-gauge catheter. This min- 
imizes the risk of laceration of the veins and arteries in 
the neck, reduces the chance of pnemothorax, and 
safely enables placement of large-bore or even per- 
manent Hickman (10 mm) catheters. 

To describe briefly, the area is anesthetized with a 
25-gauge, 3.8 cm needle attached to a syringe of Xy- 
locaine. This fine needle has enabled the inexperienced 
te locate the vein and confirm the angle of approach, 
and it may be held in place by an assistant as a “finder 
needle.” Then an 18-gauge, 7.0 cm “flashback needle” 
is introduced into the subclavian or internal jugular 
vein. As soon as the vein is entered, the aspirating sy- 
ringe is removed and a J-tip spring guide wire is 
threaded into the superior vena cava through the nee- 
dle (0.38 inch/3 mm J/50 cm supplied by Argon Medical 
Corp., Athens, Texas), which is then removed, leaving 
the wire in place. The skin is incised over the wire and 
a 7F vessel dilator is gently rotated into position over 
the wire and removed. A 14-gauge or larger catheter 
is then easily introduced into the superior vena cava 
and the wire removed. This technique also enables per- 
cutaneous placement of Hickman catheters atraumat- 
ically with use of a peelaway sheath and pacemaker 
introducer over the guide wire as described elsewhere,’ 
with minimal risk of vascular trauma. 

Ely Brand, M.D. 
Division of Gynecologic Oncology 
Department of Obstetrics and Gynecology 
University of California, Los Angeles, School of Medicine 
Les Angeles, California 90024 


REFERENCES 


l. Kirkemo A, Johnston MR. Percutaneous subclavian vein 


placement of the Hickman catheter. Surg Gynecol Obstet 
1982;91:349. 


Fetomaternal hemorrhage and fetal outcome 


To the Editors: 

Recently Rose et al. reported data concerning fe- 
tomaternal hemorrhage in association with maternal 
trauma. (AM J OBSTET GYNECOL 1985;153:844-7). Al- 
though the authors mentioned that an absolute causal 
relationship between fetomaternal hemorrhage and fe- 
tal outcome cannot be established, the clear implication 
ts that relatively small amounts of fetal bleeding were 
associated with potentially serious complications. For 
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instance, it is difficult to understand why a 5 ml fetal 
hemorrhage at 32 weeks should result in an anemic 
baby when delivered at term approximately 8 weeks 
later. It would have been helpful in those cases in which 
delivery did not occur within a short time of the fe- 
tomaternal hemorrhage to have done serial Kleihauer- 
Betke testing and have seen what had become of the 
quantity of hemorrhage over a longer period of time. 
We reported four cases of fetal death associated with 
massive fetomaternal transfusion (exsanguination) in a 
review of stillborn infants of >20 weeks’ gestation with- 
out any other apparent cause for intrauterine fetal 
death and found fetal blood losses ranging from 147 
ml to 240 ml in these stillborn infants weighing between 
2900 and 4000 grams.’ Therefore it is conceivable that 
a 5 ml hemorrhage at 32 weeks might have been man- 
ifested as a much larger volume if follow-up Kleihauer- 
Betke analyses had been made. Continued chronic fe- 
tomaternal bleeding might explain why this baby was 
anemic 8 weeks after the initial insult. Another poten- 
tial source for acute neonatal anemia and hypovolemia 
could be sequestration of blood in the placenta. Check- 
ing red blood cell parameters including hemoglobin 
and hematocrit in the placental vessels of hypovolemic/ 
anemic newborn infants may help explain this. 
Regardless of the theoretic appropriateness of the 
particular statistics used to compare the trauma and 
control group in this paper, I find it difficult to make 
meaningful comparisons when the number of cases 
compared in the control group is two. This seems to 
be stretching the use of even the most malleable statistic. 
Douglas W. Laube, M.D. 
Department of Obstetrics and Gynecology 
University of Iowa Hospitals 
Iowa City, lowa 52242 
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Reply 
To the Editors: 

We appreciate the comments of Dr. Laube regarding 
our article. As he points out, serial Kleihauer-Betke 
analyses are important in evaluating patients with fe- 
tomaternal hemorrhage for possible chronic fetoma- 
ternal hemorrhage. Serial Kleihauer-Betke analysis is 
part of the current recommended protocol in our 
paper. 

Our study sought to determine the usefulness of Klei- 
hauer-Betke analysis in evaluating maternal trauma pa- 
tients. Our results suggest it is clearly more sensitive 
than use of maternal symptoms, obstetric ultrasound, 
or even fetal heart monitoring, the previously accepted 
standard. Although our study is small (32 patients), we 
feel the findings are significant and we encourage more 
study with Klethauer-Betke analyses with maternal 
trauma patients. l i 

In response to Dr. Laube’s last comment, our control 
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group consisted of 32 gestational age—matched patients 
without known trauma. Only two of these patients ex- 
perienced fetomaternal hemorrhage, and the volume 
was Statistically less than the trauma group. 
Peter G. Rose, M.D. 
Patricia L. Strohm, M.T. 
Frederick P. Zuspan, M.D. 
Department of Obstetrics and Gynecology 
The Ohio State University 
Fifth Floor, Means Hall 
1654 Upham Drive 
Columbus, Ohio 43210-1228 


Use of the terms position, presentation, and lie 


To the Editors: 

I was surprised that on expecting to learn about “Fe- 
tal position during pregnancy” (Hughey MJ. Am J OB- 
STET GYNECOL 1985;153:885-6), I learned instead 
about fetal presentation and fetal lie. The author writes 
in the Methods section that “at each gestational week 
the incidence of cephalic, breech, and transverse fetal 
position...” was calculated. I believe it should read 
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“cephalic, breech, and shoulder presentation” or “ce- 
phalic presentation, breech presentation, and trans- 
verse lie....” “Position” is not a generic term in ob- 
stetrics and is used appropriately in its precise and lim- 
ited sense. A transverse postition, for instance, is left 
occiput transverse, or LOT. 

Kenneth J. Ream), M.D., M.P.H. 
Depariment of Obstetrics and Gynecology 
West Virginia University School of Medicine 
Medicai Center 
P. O. Box 6302 
Morgariown, West Virginia 26506-6302 


Reply 
To the &ditors: 

The following is a reply to Dr. Reamy’s lette? re- 
garding my recent article, “Fetal position during preg- 
nancy.” He is entirely correct, and I appreciate his clar- 
ification of this issue. 

Michael John Hughey, M.D. 
428 Gregory Avenue 
Wilmetie, Illinois 60091 ` 


In the article by Abrams and Laros, entitled “Prepregnancy weight, weight gain, and 
birth weight” (AM J OBSTET GYNECOL 1986;154:503). in Table I, on page 504, under the 
heading “% of standard weight,” ideal: weight is given as 90-120 and moderately over- 


weight as 121-135. These values should have been 99-110 and 111-135, respectively. 
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ITEMS 


Announcements of major meetings and other significant activities must be 
received at least 8 weeks before the desired month of publication. Al. an- 
nouncements carry a charge of $60.00 U.S. per insertion and the fee nust 
accompany the request to publish. Information will be limited to tite of 
meeting, date, place, and an address to obtain further information. Send 

- announcements and payment, payable to this JOURNAL, to Kay G. Goehler, 
Senior Manuscript Editor, Journal Editing, The C. V. Mosby Gompany, 11830 
Westline Industrial Drive, St. Louis, Missouri 63146. 


Oral Examination: The American Board of Obstetrics 


and Gynecology, Inc. If you passed the writ- 
ten examination on or before June 30, 1985, 
you may be eligible to apply for the oral ex- 
amination to be held in December 1987. The 
appropriate application form and current bul- 
letin may be obtained by writing to the Office 
of the Executive Director. at the address 
shown below, in November-December 1986. 
The deadline for the receipt of applications in 
the Office of the Executive Director is Feb- 
ruary 28, 1987. To be ruled eligible, candi- 
dates must have unrestricted hospital privi- 
leges with independent unsupervised patient 


care. Candidates will be required to submit a 


list of all patients discharged from hospi- 
tals for a one-year span. Contact: James A. 
Merrill, M.D., Executive Director, The Amer- 
ican Board of Obstetrics and Gynecology, Inc., 

4507 University Way N.E., Suite 204, Seattle, 
WA 98105. 


Advanced Perinatal Ultrasound Seminar, cospon- 


920 


sored by the Departmerit of Radiology, Or- 
lando Regional Medical Center, and the Cen- 
ter for Medical Ultrasound, Bowman Gray 
School of Medicine, will be held on February 
26-28, 1987, at the Buena Vista Palace Hotel, 
Lake Buena Vista, Florida. For information 
contact one of the following: Lennard D. 
Greenbaum, M.D., Chief, Section of Diagnos- 
tic Ultrasound, Orlando Regional -Medical 
Center, 1416 South Kuhl Ave:, Orlando, FL 
32806. Tel: (305) 841-5229. Frederick W. 


Kremkau, Ph.D., Director, Center for Medical 
Ultrasound, Bowman Gray School of Medi- 
cine, 300 South Hawthorne Road, Winston- 
Salem, NC 27103. Tel.: (919) 748-4505. 


Intrauterine Diagnosis and Treatment: A New Fron- 
tier, April 2-4, 1987, Hotel Inter-Continental, 


San Diego, California. AMA/CMA accredita- 
tion: up to 19.5; ACOG and American Acad- 
emy of Pediatrics, pending. Contact: Office of 
Continuing Medical Education, M-017, UC 
San Diego School of Medicine, La Jolla. CA 
92093. Tel.: (619) 534-3940 or (619) 452-3940. 


Fellowship: Vulvar Physiology and Disease, Un_ver- 


sity of California School of Medicine, San 
Francisco, California. The Dermatology De- 
partment, University of California School of 
Medicine, San Francisco is offering a one-year 
Fellowship for the study of vulvar physiclogy 
and vulvar disease. Candidates with training 
in dermatology or gynecology will be consid- 
ered. For information please write: Howard 
Maibach, M.D., University of California, Der- 
matology, Box 0989, San Francisco, CA 94143. 


30th Pan American Conference on Fertility and Ste- 


rility, January 23—February 1, 1987, Cerro- 
mar Beach Hotel, Dorado Beach, Puerto Rico. 
Sponsored by U.S. International Foundation 
for Studies in Reproduction, Inc., 112-44 59th 
Ave., Forest Hills, NY 11375. Tel.: (718) 544- 
7599. Accreditation: 35 ACOG/AMA/AAFP. 
Contact: Medical Congress Coordinators, 
1212 Sixth Ave., New York, NY 10036. Tel.: 
(212) 840-0110 or (800) 223-5033. 


Obstetrician: — 
Gynecologist . 


| needed: to join seven: ‘person Depart- | 
ment in 165 multi- -specialty clinic; clinic . 


and adjacent 288-bed hospital are lo-: i 
cated in Big 10 University community.. | ` 
of 100,000; teaching positions are - 


available in medical school for: those 
with -. academic inclination; liberal 


fringe benefits and salary lead to equal ` 


| ownership. Write including CV to: 


Executive Vice- Chairman - 
| Carle Clinic ` 
‘Urbana, IL 61801 


FHP a well-established and pidi éxpanding reid health 
plan, has the following opportunities available immediately 
for Board certified/eligible OB/GYN physicians. i 


-DEPARTMENT — 
-CHAIRMAN 


This position will be based in Orange Coun eas: Beach 
` (Southern California) and involves part time administrative 
responsibilities along with other clinical duties. Willingness ` 
-to- work with midwives is sl peel SRR TALINE 
ss is: eile 


< OB/ GYN © 


We are seeking a recently trained OB/GYN ea tojoin 

‘our eleven-member department in the Orange County/Long 
Beach area. Responsibilities will include supervising Nurse 

Practitioners and there will also be opportunities fo for adminis. 
trative advancement. 





FHP offers competitive salaries and generous’ bevents 


including relocation assistance and. complete- malpractice: 


coverage: For further details please contact LuAnn Ellis at 


Professional Staffing, or call 1300: 4402205, (1-800- Bee: 2255 


in California). 











Professional am 3 7 
-9900 Talbert Ave, Dept. 15- 
oe Valley, CA 92708 





`. GYNECOLOGIC 
ONCOLOGIST 


k The Dépairirient of Obstetrics and. Gyne- 


cology, Medical College of Georgia, is 
seeking applicants for a full-time faculty 


`- position in the Section of Gynecologic 


Oncology. - K 
The. applicant must be- board eligible or 


certified for both general obstetrics and 
-gynecology and gynecologic oncology 
|; and be eligible for Georgia license. 
re Academic rank, dependent on previous 


experience. Position: available July 1, 


1987. Please forward CV to: 


` O: Eduardo Talledo, M.D. 
- Pròfessor, Obstetric and Gynecology 
. Director, Séction of Gynécologic 
as ~ . * Oncology 
. Medical College of Georgia . 
oe Augusta, Georgia 30912 


‘Equal Opportunity/Affirmative Action Employer 


of 





Michael Reese Health Plan 


E J PAYAWAN A LARGE HOSPITAL-BASED HMO 


has openings for the following full-time 
position: 


- Obstetrician 
~ Gynecologist. 


| THE MICHAEL REESE HEALTH PLAN, 


” a well-established and rapidly- expariding, 


federally-qualified HMO seeks Board Cer- 


p tified/Eligible Obstetrician/Gynecologists. 


THIS POSITION entails toth outpatient and 


- hospital practice as well as medical. students 
‘and house staff. teaching. 


REMUNERATION is high and a 
-with academic ànd fee- for-service practice - 
markets. Fringe benefits. are generous. 


7 INTERESTED ' APPLICANTS should send. 


~~ Curriculum Vitae in confidence to: 
_Dr: Stephen. Contro, Medical Director, 


: MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King Drive, 
ee 60616. 


an sas opportunity employer mitih = 





OB/GYN 

We seek BC/BE physician to establish prac- 
tice in our community of 7,500 people, trade 
area of 30,000..JCAH accredited, 84 bed 
acute care hospital with traditicnal delivery 
room and fully equipped family birthing room, 
dedicated OB/GYN ward of 2 private, 3 
semi-private rooms and nursery. Located on 
Interstate 40, 50 miles northwest of Little 
Rock. 

We offer a guaranteed salary and equipped 
office space is available with free rent for a 
period of time. 

If interested submit Curriculum Vitae or call: 


Mr. Johnson L. Smith, Administrator 
St. Anthony’s Hospital Association 
d/b/a Conway County Hospital 

PO. Box 31 
Morrilton, Arkansas 72110 
(501) 354-3512 


Southern California 
General Obstetrics 
& Gynecology 




















Outstanding career opportunities for Board eligible/ 
certified general Obstetrician/Gynecologists exist at 
our Medical Centers located in various sarts of 
Southern California. 


Facilities include fetal monitoring, laparoscopy, 
sonography, colposcopy, etc. We have internship 
and residency programs as well as university affilia- 
tions. 


Excellent benefits are offered including liability 
coverage, medical and dental coverage, vacation and 
sick leave, continuing education and retirement pro- 
gram. Parinership consideration available after two 
years full time employment. 


Please call (818) 405-3224 for a Physician Applica- 
tion or send your curriculum vitae and the names, 
addresses and telephone numbers of three profes- 
sional references to: 


WV KAISER PERMANENTE 
SOUTHERN CALIFORNIA 

hy N PERMANENTE MEDICAL GROUP 

W. G. McCormick, M.D. 

c/o Physician Recruitment Dept. 41A 

Physician Recruitment Dept. 

Walnut Center 

Pasadena, CA 91188 


Equal Opportunity Employer 
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— REPRODUCTIVE Ea 
ENDOCRINOLOGY FELLOWSHIP 
_ Louisiana State University 

School of Medicine in New Orleans 


The Department of Obstetrics and Gynecolog ; of- 
fers an accredited fellowship in Reproductive En- 
docrinology beginning July 1987. The fellowship is 
a two year clinical and research oriented program. 
Applicants must have completed an approved -esi- 
dency in Obstetrics and Gynecology by June 1387. 
The clinical services are located at the Charity 
Hospital and Southern Baptist Hospital in New Or- 
leans. Research opportunities include ongoing 
programs in andrology, and fertility and sterility 
problems including an IVF/ET service as wel as 
basic research involving the rodent, primate and 
pig models. Both clinical and laboratory research 
are encouraged and supported by local, regional, 
national and international agencies. Applicatons, 
including curriculum vitae, bibliography, anc the 
names and addresses of at least three references 
should be sent before December 1986 to: 
Krishna B. Singh, M.D. 
Associate Professor and Chief 
Section of Reproductive Endocrinology 
OR 


Charles A. White, M.D. 
Professor and Head 
. Department of Obstetrics and Gynecology 
Louisiana State University Schoo! of Medicne 
1542 Tulane Avenue 
New. Orleans, Louisiana 70112 
An Equal Opportunity Employer 


OBSTETRICIAN/ 

GYNECOLOGIST | 
B/E, B/C addition to two OB-GYN and 
one OB-GYN oriented FNP in a rapid 
growth area in California’s Central \alley. 
Position offers competitive compensation 
and benefits. Excellent opportunity for 
female OB-GYN. Easy access to verious 
social, cultural, recreational and spot ac- 


tivities: San Francisco, Carmel, Morrerey, 
Yosemite, Lake Tahoe, Sierras. 


Forward C.V. and References to: 


Lillian Shumate, M.D. 
Modesto Obstetrics & 
Gynecology Medical Group, Inc. 
803 Coffee Rd. 
Modesto, California 95355 





CHIEF 
DEPARTMENT OF OBSTETRICS & 
GYNECOLOGY 


Mount Sinai Hospital, affiliated with the 
University of Connecticut School of 
Medicine, is seeking a Chief for the De- 
partment of Obstetrics and Gynecology to 
cirect a progressive, full-range program of 
patient care, resident and medical student 
education and research in an academic 
atmosphere. Candidates must have 
demonstrated and proven teaching, lead- 


ership’ and clinical abilities. Faculty rank - 


and salary will be based on experience 
and credentials. Candidates should direct 
all correspondence to: 

OB/GYN Chief Search Committee 
c/o Richard D’Aquila, Vice President 
Mount Sinai Hospital 
500 Blue Hills Avenue 
Hartford, Connecticut 06112 


An Equal Opportunity Employer 


OB/GYN 


Northeastern Pennsylvania 


Expanding practice located in close 
proximity to major east coast metro 
areas seeking board certified or eligi- 
ble obstetrician/gynecologist. 
Modern, family-centered obstetric 
facility adjacent to office. Excellent 
salary leading to partnership. 
Please forward CV to: 

Renee Heyden 

P.O. Box 1728 

Kingston, Penna. 18704 


COLUMBIA PRESBYTERIAN 
MEDICAL CENTER 
FACULTY OPENING 


The Columbia Presbyterian Medical Center 
has an excellent opportunity for an Ambula- 
tory Care Provider. We are seeking a half or 
full-time Obstetrician/Gynecologist for the 
Outpatient Department. Duties would include 
performing medical examinations and as- 
sessmenis and providing follow-up care. The 
ideal candidate will be a New York State 
licensed physician, board-certified or board- 
eligible in Obstetrics and Gynecology with re- 
cent clinical experience in OBS/GYN. A 
knowledge of Spanish is desired. We are an 
equal opportunity/affirmative action employer. 
The CPMC offers a competitive salary and 
comprehensive benefit package. Please send 
G.V. in confidence to: 

Dr. Mortimer Rosen, Chairman 
Department of Obstetrics and Gynecology 
Columbia University 
College of Physicians and Surgeons 
630 West 168th Street 
New York, New York 10032-3784 


OB-GYN 


Board Certified/Board Eligible OB- 
GYN physician sought for a college 
community located in the Lake/Moun- 
tain Region of Central New Hamp- 
shire. 

The community has a fully accredited 
J.C.A.H. facility that has recently com- 


pleted an extensive building program. : 


This is an opportunity to join a young, 
aggressive medical staff with possibili- 
ties of a Dartmouth/Hitchcock affilia- 
tion. Interested parties should contact: 
David L. Pearse, Administrator 
Sceva Speare Memorial Hospital 
Two Hospital Road 
Plymouth, NH 03264 
(603) 536-1120, ext. 230 
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OBSTETRICIAN/ 
GYNECOLOGIST 


Personable and industrious © 
BE/BC physician desired to join 


_2-physician department (one 


physician practicing gynecology © 


only) in 26-physician multispe- 


cialty group. Immediate practice — 


opportunity. Drawing. area 


- 200,000. Western slope of the 


' Rockies. 


Q Z i z 
a Souther West Virginia Clinic 
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¿Excellent hospital 
facilities. Superb living conditions. 
Cinexcelled . skiing and outdoor 
recreation. 
riculum vitae and references to: 
Mr. Mike McCraley, Administrator 
~ Ogden Clinic ` 
4650 Harrison Boulevard 
Ogden, UT 84403 


Obstetrics/ 
Gynecologist | 


Opportunity for Board Certified Board Eli- 
gible OB/GYN physician to join multispe- 


cialty group as second OB/GYN. Salary ~ 


with incentive leading to partnership. Af- 
filiation with modern 265 bed hospital with 
Level Il NICU. Send = V. and letter of 
interest to: 
Marcia Bohn Khalil M. D. 
302 Stanaford Road 
Beckley, WV 25801 





Please send cur- 


-~ OBSTETRICIAN- 
GYNECOLOGIST 


Position available with The Permanente 
Medical Group, Inc., San Jose, California. 
Young, dynamic and growing Department 
offers the right person excellent clinical 


_ experience. Competitive salary, outstand- 


ing benefits, excellent professional envi- 


"ronment. Superb cultural and recreational 


activities. Contact: 


J. K. Burgard, M.D. 
Chief of OB/GYN 
“The Permanente Medical Group, Inc. 
260 International Circle 
San Jose, California 95119 


= MATERNAL-FETAL MEDICINE 


(Board eligible or Certified) 


600 Bed University-affiliated Level III Hospital 
with 3,000 deliveries/year, 24-hour in-house 
anesthesiology and neonatology/large NICU, 
active maternal transfer service, perinatal out- 
reach programs, and fully-approved OB, GYN 
residency program has immediate opening for 
a full-time position in perinatology. Duties to 
include residency teaching, maternal trensfer 
care, and private practice incentive. Competi- 
tive guaranteed salary plus incentive. Excel- 
lent public schoo! system, housing, and Lake 
St. Clair in very close proximity. 
CALL COLLECT: 313-343-3495 
SAINT JOHN HOSPITAL 
- DEPT. OB/GYN 
.DETROIT, MI 48236 











OB/GYN 


Board Certified or eligible OB/GYN 
sought to join practice of 1 OB/GYN, lo- 
cated on the south west coast of Florida. 
Excellent salary, health & dental insur- 
ance. Malpractice insurance paid. Con- 
tact: 


Vittorio Torrisi, M.D.PA. 
2400 Harbor Blvd., Suite 11 
Port Charlotte, FL 33952 
or call (813) 627-4555 


DIRECTOR OF REPRODUCTIVE 
ENDOCRINOLOGY 


The Union Memorial Hospital, Department of 
Gynecology and Obstetrics, is seeking a 
Board Certified Obstetrician-Gynecologist/ 
Reproductive Endocrinologist as Director of 
cur Division of Reproductive Endocrinology 
and In Vitro Fertilization program. 


There is currently two thousand square foot 
equipped endocrine laboratory space. The 
cosition requires one-third research, one-third 
education, and one-third private practice. Sal- 
ery and academic appointment are negoti- 
able. Interested parties please submit cur- 
riculum vitae: 

Clifford R. Wheeless, Jr., M.D. 
Department Gynecology and Obstetrics 
The Union Memorial Hospital 
201 E. University Parkway 
Baltimore, Maryland 21218 


INSTRUCTOR/ASSISTANT 
PROFESSOR 


American Board Eligible or Certified OB-GYN 
Generalist, available July 1, 1986. Proven 
academic background and experience with 
strong future commitment to academic 
medicine, teaching and research. Twenty per- 
cent time on Family Planning program. Tenure 
track. Deadline for raceipt of nominations/ 
applications is December 15, 1986. Salary 
commensurate with education and experi- - 
ence. Reply with curr culum vitae to: 

Joseph C. Scott, Jr, M.D. 

Professor and Chairman 

Dept. OB-GYN 
Univ. of Nebraska Medical Center 
42nd & Dewey Avenue 
Omaha, NE 68105 


Search reopened and expanded 
An Equal Opportunity (M/FV Affirmative Action Employer. 





UNIVERSITY OF 
SOUTHERN CALIFORNIA 
SCHOOL OF MEDICINE 


Begatiagnt si Obsiei ics & Syeecciogy 


PERINATAL MEDICINE 
February 7-13, 1987 
Royal Lahaina Hotel, Maui, Hawaii 


This course covers a wide spectrum of reproductive 
medicine but particularly emphasizes the outcome 
and events associated with the perinatal period. 
Areas of particular emphasis will relate to the ul- 
trasonic technology as it is currently applied with 
future applications considered. A number of clini- 
cally pertinent areas will be covered with special 
emphasis given to the manag2ment aspects of fre- 
quent obstetrical problems. The course structure is 
designed to permit lengthy open question and an- 
swer sessions daily. Interactive sessions during 
breakfast will permit the participants to address 
their particular problem cases to a faculty person 
and other attendees. | 


Tuition: $525 

Credit: 23 AMA/CMA Category | hours 

Contact: Associate Dean, USC School 
of Medicins, Postgraduate 
Division, KAM 307, 1975 Zonal 


Avenue, Los Angeles, CA 90033 
(213) 224-7051. 
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INSTRUCTOR/ASSISTANT 
PROFESSOR 


American Board Eligible or Certified OB-GYN Christian County Medical Clinic is seeking a 
with 2-year fellowship in Maternal-Fetal second obstetrician to join a growing groud 
Medicine available August 1, 1986. Proven PA a siege Masai yallaakir 
academic background and experi an ce with associate positions provide a broad range of 


medical and surgical services to several rural 
strong future commitment to academic communities ranging in size from 1200 to 12,000 


medicine, teaching and research. Tenure people. 
track. Deadline for receipt of nominations/ 
applications is December 15, 1986. Salary 


commen t ith ed . We are seeking an energetic practitioner to join 
Surate with education and experi an established practice in Obstetrics and 


ence. Reply with curriculum vitae to: Gynecology. Generous assistance will be 
Joseph C. Scott, Jr, M.D. l provided and relocation and practice initiation. 
Professor and Chairman 
Dept. OB-GYN 

Univ. of Nebraska Medica! Center Qualified applicants may contact: 

42nd & Dewey Avenue 
Omaha, NE 68105 Mary Weed, Administrator 
Search reopened and expanded l CHRISTIAN COUNTY MEDICAL CLINIC 
An Equal Opportunity (M/F) Affirmative Action Employer. 600 North Main 
Taylorville, Illinois 62568 


Equal Opportunity Employer 





ATTENDING PHYSICIANS 
OBSTETRICS AND GYNECOLOGY 


Full Time positions available in attractive new 
300 Bed regional teaching hospital, located on 
Queens/Nassau border, Long Island, New 
York. Approved residency program setting. 
Competitive salary depending on qualifica- 
tions. 7 | 
Submit C.V. to: 
Snehanshu Ghosh, M.D. 
Chairman 
Department of Obstetrics and Gynecology 
St. John’s Episcopal Hospital 
South Shore Division 
327 Beach 19th Street 
Far Rockaway, New York 11691 


MATERNAL/ 
FETAL MEDICINE 


OB/GYN PERINATOLOGIST, board certified or 
eligible, for large perinatal center in San Fran- 
cisco: Large volume high-risk obstetric service; 
over 3,000 deliveries/year; Genetic Amniocen- 
tesis program; 4 year residency program in 
Ob/Gyn; 16 staff obstetricians in large mul- 
tispecialty group; excellent opportunity for clini- 
cal practice and research; academic appoint- 
ment available. Excellent starting salary and 
fringe benefits. 


Send inquiry and C.V. to: 
Ira Golditch, M.D. 
Chief, Department of Ob-Gyn. 
Kaiser Permanente Medical Center 
2200 O'Farrell Street 
San Francisco, CA 94115 


or call (415) 929-4845 


327 Beach iF Steet, Far Rockaway. New York 11691 


+ 
ST JOHNS EPISCOPAL MOSTITAD ") SOUTH SHORE 
SS ` 


an equal opportunity employar 
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FELLOWSHIP POSITIONS 
MATERNAL FETAL MEDICINE 
UNIVERSITY OF TENNESSEE 

MEMPHIS, TENNESSEE 


Opening for first year positions in ap- 
proved fellowship program. Large high- 
risk obstetrical service. Division staff in- 
cludes 6 subspecialists active in clinical 
and basic science research. Applicant 
must be board eligible. 

P:ease forward CV to: 


Baha M. Sibai, M.D. 
Department of Obstetrics and 
Gynecology 
University of Tennessee, Memphis 
800 Madison Avenue 
Memphis. TN 38163 


FACULTY POSITIONS 


The Department of Obstetrics and Gynecology at 
Washington University School of Medicine will assume 
responsibility for staffing- and supervising the 
Otstetrical-Gynecological Service at St. Louis Regional 
Medical Center and announces, in conjuncticn with that 
institution, the following available faculty positions: 


— Chief of Obstetrical-Gynecological Service (Board 
eligibility or certification in Maternai-Fetal Medicine) 
at the Associate Professor o Professor level. 


—Associate Chief of Obstetrical-Gynecological Ser- 
vice (demonstrated credentials in gynecology) at 
the Assistant Professor or Associate Professor 
level. 


—Specialists in Maternal-Fetal Medicine (Board eligi- 


bility or certification in Maternal-Fetal Medicine) at 
the Assistant Professor or Associate Professor 
level. 


As of 1987, residents and students in the Washington 
Un.versity teaching program will be evenly distributed 
among our three teaching units: Barnes Hospital, The 
Jewish Hospital of St. Louis, and St. Louis Reg onal Medi- 
cal Center. 
interested parties should contact: 
James C. Warren, M.D., Ph.D. 
' Professor and Head 
Department of Obstetrics and Gynecology 
Washington University School of Medicine 
4911 Barnes Hospital Plaza 
St. Louis, Missouri 63110 
AN EQUAL OPPORTUNITY EMPLOYER 





_. FACULTY POSITION 
DEPARTMENT CF OBSTETRICS 
AND GYNECOLOGY 
STATE UNIVERSITY OF NEW YORK, 
HEALTH SCIENCE CENTER AT 
SYRACUSE 


OBSTETRICIAN/GYNECOLOGIST 


A full-time position is available as a member of the 
Obstetrics and Gynecology faculty. This job will 
include teaching residert stafi and medical stu- 
dents; supervising Obstetrical and Gynecological 
clinics; working in the Operating Rooms; conduct- 
ing rounds. Additionally, the position encompasses 
conducting formal didactic conferences and engag- 
ing in research opportunities. 
Salary is highly competitive and includes an excel- 
lent fringe package and incentive practice srogram. 
Send inquiries and curriculum vitae to: 
Michael S. Baggish, M.D. 
Professor ard Chairman 
Department of Obstetrics and Gynecology 
SUNY, Health Science Center at Syracuse 
736 Irving Avenue 
Suite 308 West Tower 
Syracuse, NY 13210 
SUNY, HSC is an equal opportunity employer. 


SUNNYVALE 
CLINIC 


Our 80 member private, multisgecialty group is re- 
cruiting an outstanding university-trained BC/BE 
OB/GYN practitioner. The ideal candidate is finish- 
ing training in June 1987, cris within three years out 
of residency. The position demands mastery of high 
risk obstetrics and operative gynecology. The Sun- 
nyvale Medical Clinic is in the forefront of health 
care delivery systems in tre Silicon Valley, 45 miles 
south of San Francisco and 10 miles from Stanford 
University. Excellent compensation and benefits 
leading to early shareholder status. Send CV to: 
Recruitment Committee 
PO. Box 3496 
Sunnyvale, CA. 94088-3496 
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ORTHO-NOVUM 1/7 


TRADEMARK 


norethindrone /ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet contains 0.75 mg 
norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg norethindrone and 0.035 mg ethinyl 
estradiol. Each green tablet in 28-day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete rr information provided with the 
product and therefore should not be used as the basis for prescribing the product. This summary was prepared by 
deleting from the complete prescribing information certain text, tables, and references. The physician should be 
thoroughly familiar with the complete prescribing information before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a positive 
association between the dose of estrogens in oral contraceptives and the risk of thromboembolism. For this reason, itis 
prudent and in keeping with good principles of therapeutics to minimize exposure to estrogen. The oral contraceptive 
product prescribed for any given patient should be that product which contains the least amount of estrogen that is 
compatible with an acceptable pregnancy rate and patient acceptance. It is recommended that new acceptors of oral 
contraceptives be started on preparations containing .05 mgor less of estrogen 

CONTRAINDICATIONS: Oral contraceptives should not be used in women with any of the following conditions: 1 
Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromboembolic 
disorders. 3 Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or 
suspected estrogen-dependent neoplasia. 6 Undiagnosed, abnormal genital bleeding. 7. Oral contraceptive tablets may 
cause fetal harm when administered to a pregnant woman. Oral contraceptive tablets are contraindicated in women who 
are pregnant If the patient becomes pregnant while taking this drug, the patient should be apprised of the potential hazard 
to the fetus (see WARNINGS. No. 5) 8 Benign or malignant liver tumor which developed during the use of oral 
contraceptives or other estrogen-containing products 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects trom oral contraceptive use. This risk 
increases with age and with smoking (15 or more cigarettes pn rr and is quite marked in women over 35 
of age. Women who use oral contraceptives should be strongly advised not to smoke. 

he use of oral contraceptives is associated with increased risk of several serious conditions including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practi- 
tioners prescribing oral contraceptives should be familiar with the following information relating to these risks. 


. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic and 
thrombotic disease associated with the use of oral contraceptives is well established. Four principal studies in Great 
Britain and three in the United States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism 
and stroke, both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 11 times 
more likely than nonusers to develop these diseases without evident cause. Overall excess mortality due to pulmonary 
embolism or stroke is on the order of 1.0 to 3.5 deaths annually per 100,000 users and increases with age 
CEREBROVASCULAR DISORDERS: In a collaborative American study of cerebrovascular disorders in women with and 
without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than in 
nonusers and the risk of thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. A prospective study 
conducted in Great Britain estimated that former users have a risk for all cerebrovascular disease 2.6 times greater than 
that of nonusers. This risk remained elevated for at least six years after last oral contraceptive use. A prospective study 
conducted in the United States found that past use of oral contraceptives was associated with increased risk of 
subarachnoid hemorrhage, the relative risk being 5.3. There was also some evidence from this study that the degree of risk 
may be related to duration of oral contraceptive use. MYOCARDIAL INFARCTION: An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported confirming a previously suspected 
association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, 
diabetes, history of preeclamptic toxemia), the higher the risk of developing myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a clear additional risk 
factor. The annual excess case rate (increased risk) of myocardial infarction (fatal and nonfatal) in oral contraceptive 
users was estimated to be approximately 7 cases per 100,000 women users in the 30-39 age group and 67 cases per 
100,000 women users in the 40-44 age group In terms of relative risk, it has been estimated that oral contraceptive users 
who do not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as 
likely to have a fatal myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are also smokers 
have about a 5-fold increased risk of fatal infarction compared to users who do not smoke, but about a 10- to 12-told 
increased risk Compared to nonusers who do not smoke. Furthermore, the amount of smoking is also an important factor 
In determining the importance of these relative risks, however, the baseline rates for various age groups must be given 
serious consideration. The importance of other predisposing conditions mentioned above in determining relative and 
absolute risks has not as yet been quantified; it is quite likely that the same synergistic action exists, but perhaps to a 
lesser extent. A study suggests that some increased risk of myocardial infarction in oral contraceptive users persists 
following discontinuation of oral contraceptives and that the degree of the residual risk is related to the duration of the 
past use. Risk of Dose: In an analysis of data derived from several national adverse reaction reporting systems, British 
investigators conciuded that the risk of thromboembolism including coronary thrombosis is directly related to the dose of 
estrogen used in oral contraceptives. Preparations containing 100 mcg or more of estrogen were associated with a higher 
risk of thromboembolism than those containing 50-80 mcg of estrogen. Their analysis did suggest, however, that the 
quantity of estrogen may not be the sole factor involved. This finding has been confirmed in the United States. Careful 
epidemiological studies to determine the degree of thromboembolic risk associated with progestogen-only oral 
contraceptives have not been performed. Cases of thromboembolic disease have been reported in women using these 
products, and they should not be presumed to be free of excess risk. The risk of thromboembolic and thrombotic 
disorders, in both users and nonusers of oral contraceptives, increases with age. Oral contraceptives are, however. an 
independent risk factor for these events. ESTIMATE OF EXCESS MORTALITY CIRCULATORY DISEASES: A large 
prospective study carried out in the United Kingdom estimated the mortality rate per 100.000 women per year from 
diseases of the circulatory system for users and nonusers of oral contraceptives according to age, smoking habits, and 
duration of use. The overall excess death rate annually from circulatory diseases for oral contraceptive users was 
estimated to be 20 per 100,000 (ages 15-34—5/100,000: ages 35-44 —33/100,000: ages 45-49-—140/100,000), the risk 
being concentrated in older women, in those with a long duration of use, and in cigarette smokers. It was not possible, 
however, to examine the interrelationships of age. smoking. and duration of use. nor to compare the ef fects of continuous 
versus intermittent use. Although the study showed a 10-fold increase in death due to circulatory diseases in users tor 
five or more years, all of these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for five or more years are available. it ıs not possible to assess the magnitude of the relative risk for this 
younger age group. This study reports that the increased risk of circulatory disease mortality may persist after the pill is 
discontinued. Another study published at the same time confirms a previously reported increase of mortality in pill users 
from cardiovascular disease. The study concluded that the mortality associated with all methods of birth control is low 
and below that associated with childbirth, with the exception of oral contraceptives in women over 40 who smoke. (The 
rates given for pill only/smokers for each age group are for smokers as a class. For “heavy” smokers pa than 15 
cigarettes a day], the rates given would be about double: for “light” smokers [less than 15 cigarettes a day}, about 50 
percent.) The mortality associated with ora! contraceptive use in nonsmokers over 40 is higher than with any other 
method of contraception in that age group. The lowest mortality is associated with the condom or diaphragm backed up 
by early abortion. The risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterole- 
mia, obesity, diabetes or history of preeclamptic toxemia and especially by cigarette smoking. The risk of myocardial 
infarction in oral contraceptive users is Substantially increased in women age 40 and over, especially those with other risk 
factors. The physician and the patient should be alert to the earliest manifestations of thromboembolic and thrombotic 
disorders (e.g.. thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal 
thrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
immediately, A four- to six-fold increased risk of postsurgery thromboembolic complications has been reported in oral 
contraceptive users, If feasible. oral contraceptives should be discontinued at least four weeks before surgery of a type 
associated with an increased risk of thromboembolism or prolonged immobilization. 2. OCULAR LESIONS there have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the use of oral 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual, partial or complete 
loss of vision, onset of proptosis or diplopia; papilledema; or retinal vascular lesions and institute appropriate diagnostic 
and therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either natural or synthetic estrogen 
in certain animal species increases the frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic 
progestogens, none currently contained in oral contraceptives, have been noted to increase the incidence of mammary 
nodules, benign and malignant. in dogs. In humans, three case control studies have reported an increased risk of 
endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women. One 
publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing risk factors 
for adenocarcinoma of the endometrium (e.g.. irregular bleeding at the time oral contraceptives were first given, 
polycystic ovaries), nearly all occurred in women who had used a sequential oral contraceptive. These products are no 
longer marketed. No evidence has been reported suggesting an increased risk of endometrial cancer in users of 
conventional combination or progestogen-only oral contraceptives. Several studies have found no increases in breast 
cancer in women taking Oral contraceptives or estrogens. One study, however, while also noting no overall increased risk 
of breast cancer in women treated with oral contraceptives, found an excess risk in the subgroups of oral contraceptive 
users with documented benign breast disecce. A reduced occurrence of benign breast tumors in users of oral 
contraceptives has been well-documented. In summary, there is at present no confirmed evidence from human studies of 
an increased risk of Cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, 
appropriate diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or who have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with particular 
care if they elect to use oral contraceptives instead of other methods of contraception. 4, HEPATIC TUMORS. Benign 
hepatic adenomas have been found to be associated with the use of oral contraceptives. One study showed that oral 
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contraceptive formulations with high hormonal potency were associated with a higher risk than lower potency 
formulations and use of oral contraceptives with high hormonal potency and age over 30 years may further increase the 
woman s risk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause death through 
intra-abdominal hemorrhage This has been reported in short-term as well as long-term users of oral contraceptives. Two 
studies relate risk with duration of use of the contraceptive, the risk being much greater after four or more years of oral 
contraceptive use. While hepatic adenoma ıs a rare lesion, it should be considered in women presenting abdominal pain 
and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women oye 
oral contraceptives. The relationship of these drugs to this type of malignancy is not known at this time 5. USE INO 
IMMEDIATELY PRECEDING PREGNANCY. BIRTH DEFECTS IN OFFSPRING. AND MALIGNANCY IN FEMALE OFFSPRING 
The use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestro!, a nonsteroidal estrogen, have 
an increased risk of developing in later life a form of vaginal or cervical cancer that ıs ordinarily extremety rare. This risk 
has been estimated to be on the order of 1 to 4in 1000 exposures. Although there is no evidence at the present time that 
oral contraceptives further enhance the risk of developing this type of malignancy, such patients should be monitored 
with particular care if they elect to use oral contraceptives instead of other methods of contraception Furthermore, a high 
percentage of such exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix 
Although these changes are histologically benign, it is not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar data are not 
available with the use of other estrogens, it cannot be presumed that they would not induce similar changes. An increased 
risk of congenital anomalies, including heart defects and limb defects, hes been reported with the use of sex hormones, 
including oral contraceptives, in pregnancy. One case contro! study has estimated a 4.7-fold increase in risk of 
limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, hormonal withdrawal tests for 
pregnancy or attempted treatment for threatened abortion). Some of these exposures were ver y short and involved only a 
tew days of treatment. The data suggest that the risk of limb-reduction detects in exposed fetuses is somewhat less than 
one in 1000 live births. In the past. female sex hormones have been used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well-controlled studies that progestagens are effective for these uses There is some evidence 
that triploidy and possibly other types of polyploidy are increased among abortuses from women who become pregnant 
soon after ceasing oral contraceptives Embryos with these anomalies are virtually always aborted spontaneously, 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping oral 
contraceptives is unknown. Itis recommended that for any patient who has missed two consecutive periods, pregnancy 
should be ruled out before continuing the contraceptive regimen If the patient has not adhered to the prescribed schedule, 
the possibility of pregnancy should be considered at the time ef the first missed period (or after 45 days from the last 
menstrual period if the progestogen-only ora! contraceptives are used). and further use of oral contraceptives should be 
withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential 
risks to the fetus and the advisability of continuation of the pregnancy shou'd be discussed in the light of these risks. It is 
also recommended that women who discontinue oral contraceptives with the intent of becoming pregnant use an 
alternate form of contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months although no precise information is available on which to base this recommendation. The administration of 
progestogen-only or progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of 
pregnancy. 6 GALLBLADDER DISEASE. Studies report an increased risk of surgically confirmed gallbladder disease in 
users of oral contraceptives and estrogens. In one study, an increased risk appeared after two years of use and doubled 
after four or five years of use In one of the other studies, an increased risk was apparent between six and twelve months 
of use. 7 CARBOHYDRATE AND LIPID METABOLIC EFFECTS. A decrease im glucose tolerance has been observed in a 
significant percentage of patients on oral contraceptives. For this reason, orediabetic and diabetic patients should be 
carefully observed while receiving oral contraceptives. An increase in triglycerides and total phospholipids has been 
observed in patients receiving oral contraceptives. The clinical significance of this finding remains to be defined. 8. 
ELEVATED BLOOD PRESSURE An increase in blood pressure has been reported in patients receiving oral contraceptives 
In some women hypertension may occur within a tew months of beginning oral contraceptive use. In the first year of use, 
the prevalence of women with hypertension is low in users and may be no higher than that of a comparable group of 
nonusers. The prevalence in users increases, however. with longer exposure, and in the fifth year of use is two and a half to 
three times the reported prevalence in the first year Age is also strongly corretated with the development of hypertension 
in oral contraceptive users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given oral contraceptives. Hypertension that develops as a result of taking oral 
contraceptives usually returns to normal after discontinuing the drug 9 HEADACHE. The onset or exacerbation of 
migraine or development of headache of a new pattern which is recurrent, persistent, or severe. requires discontinuation 
of oral contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES Breakthrough bleeding, spotting, and 
amenorrhea are frequent reasons for patients discontinuing oral contraceptives. In breakthrough bleeding. as in all cases 
of irregular bleeding from the vagina. nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina. adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. If pathology has been excluded. time or a change to ancther formulation may solve the problem. Changing to 
an oral contraceptive with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should 
be done only if necessary since this may increase the risk of thromboembolic disease Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a tendency to remain 
anovulatory or to become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting 
problems should be advised of this possibility and encouraged to use other contraceptive methods. Postuse anovulation, 
possibly prolonged, may also occur in women without previous irregularities. 11. ECTOPIC PREGNANCY Ectopic as well 
as intrauterine pregnancy may occur in contraceptive failures. 12. BREAST FEEDING. Oral contraceptives given in the 
postpartum period may interfere with lactation There may be a decrease in the quantity and quality of the breast milk 
Furthermore, a small fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible. the Use of oral 
contraceptives should be deferred until the infant has been weaned. PRECAUTIONS: General: 1 A complete medical and 
family history should be taken prior to the initiation of oral contraceptives. he pretreatment and periodic physical 
examinations should include special reference to blood pressure breasts, abdomen and pelvic organs, including 
Papanicolaou smear and relevant laboratory tests. As a general rule, oral contraceptives should not be prescribed for 
longer than one year without another physical examination being pertormed 2 Under the influence of estrogen-proges- 
togen preparations, preexisting uterine leromyomata may increase in size. 3. Patients with a history of psychic depression 
should be carefully observed and the drug discontinued if depression recurs to a serious degree. Patients becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt to determine whether the symptom is drug-related. 4. Oral contraceptives may cause some 
degree of fluid retention They should be prescribed with caution. and only with careful monitoring, in patients with 
conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or 
Cardiac or renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice while receiving oral contraceptive therapy. If jaumdice develops in any patient receiving such drugs, 
the medication shouid be discontinued. 6. Ste: oid hormones may be poorly metabolized in patients with impaired liver 
function and should be administered with caution in such patients. 7 Qral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical significance of this is yet 
to be determined. 8. Serum folate levels may be depressed by oral contraceptive therapy. Since the pregnant woman is 
predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing 
gestation, it is possible that if a woman becomes pregnant shortly after stopping oral contraceptives. she may have a 
greater chance of developing folate deficiency and complications attributed to this deficiency. 9 The pathologist should 
be advised of oral contraceptive therapy when relevant specimens are submitted. 1) Certain endocrine and liver function 
tests and blood components may be affected by estrogen-containing oral contraceptives: a. Increased sulfobromo- 
phthalein retention. b. Increased prothrombin and factors VII, VIII, IX. and X. decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-bincing globulin (TBG) leading to increased circulat- 
ing total thyroid hormone. as measured by protein-bound iodine (PBI). T4 by column, or T4 by radioimmunoassay. Free T3 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased pregnanediol 
excretion. e. Reduced response to metyrapone test. INFORMATION FOR THE PATIENT: (See Patient Package — 
DRUG INTERACTIONS: Reduced efficacy and increased incidence of breakthrough bleeding have been associated wit 
concomitant use of rifampin. A similar association has been ie with barbiturates, phenylbutazone, phenytoin 
sodium, ampicillin, griseofulvin, and tetracycline CARCINOGENESIS, PREGNANCY, NURSING MOTHERS: See CON- 
TRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An increasec risk of the following serious adverse reactions 
has been associated with the use of oral contraceptives (see WARNINGS) Thrombophlebitis. Pulmonary embolism. 
Coronary thrombosis. Cerebral thrombosis. Cerebral hemorrhage. Hypertension. Gallbladder disease. Liver tumors. 
Congenital anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: Mesenteric thrombosis. Neuro -ocular lesions, e.g., 
retinal thrombosis and optic neuritis. The following adverse reactions Nave been reported in patients receiving oral 
contraceptives and are believed to be drug-related: Nausea, usually the mast common adverse reaction Vomiting, occurs 
in approximately 10% or less of patients during the first cycle. Other reactions. aS a general rule, are seen much less 
frequently or only occasionally Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding. Spotting Change in menstrual flow. Dysmenorrhea. Amenorrhea during and after treatment. Temporary 
infertility after discontinuance of treatment. Edema. Chioasma or melasma which may persist Breast changes: 
tenderness, enlargement, and secretion. Change in weight (increase or decrease). Change in cervical erosion and cervical 
secretion. Possible diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. increase 
in size of uterine leijomyomata. Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal 
candidiasis. Change in corneal curvature (steepening). Intolerance to contact lenses. The page adverse reactions 
have been reported in users of oral contraceptives, and the association has been neither confirmed nor refuted: 
Premenstrual-like syndrome. Cataracts. Changes in libido. Chorea. Changes in appetite. Cystitis-like syndrome 
Headache. Nervousness. Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemor- 
rhagic eruption. Vaginitis. Porphyria. Impaired renal function. Hemolytic uremic syndrome. OVERDOSAGE: Serious ill 
effects have not been reported following acute ingestion of large doses of oral contraceptives by young children 
Overdosage may cause nausea, and withdrawal bleeding may occur in females 
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Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 


The unique TRI-NORINYL SUPPLIED IN THE 
phasing achieves BTB EXCLUSIVE SYNTEX 
control equivalent to a 1/35 WALLETTE™ PILL 
formulation, but with 29% DISPENSER _ 
less progestin per cycle. ER 
This is, in fact, the greatest 
progestin reduction of any 
norethindrone-based 
multiphasic. TRI-NORINYL 
lowers progestin where 
requirements for endome- 
trial support are reduced- 
with no greater reported 
BTB than a 1/35 formulation’ 


Preferred by patients 3 to 1 
over other available packages 
for convenience, discreetness 
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NORETHINDRONE and compliance** 
7 DAYS 0.5 MG 5 DAYS 0.5 MG 
NORE THINDRONE NORETHINDRONE 


21 DAYS 0.035 MG ETHINYL ESTRADIOL 


THE NATURE OF 


*1/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethinyl estradiol. Data available from 
Syntex Laboratories, Inc. 

**Based on a nationwide, independently conducted survey of prospective ora! contraceptive patients. 
Data available from Syntex Laboratories, Inc. 
Serious as well as minor side effects have been reported following the use of all oral contraceptives. 

e These konc thromboembolic disease. Please see briet summary of full prescribing information 

on next page. 
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(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 
TRI-NORINYL" 21- 


Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradio! 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 


TRENORI 

TRI-NORINYL" 28-Day Tablets (7 blue tablets of norethin- 

drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 

of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 

blue tablets of norethindrone 0.5 mg with ethinyl estradiol 

0.035 mg; 7 inert tablets) 

ORAL CONTRACEPTIVE (0.C.) AGENTS 

Indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 

BOLISM. Because studies have shown a positive association between OC estro- 

gen dose and risk of thromboembolism, it is prudent to minimize estrogen 

exposure. Prescribe an OC with the least amount of estrogen compatible with an 

acceptable pregnancy rate and patient acceptance. Start new users on OCs 

containing 0.05 mg or less of estrogen. 

Contraindications 1. Known or suspected pregnancy (see Warning #5). 2. 

Throm lebitis or thromboembolic disorders. 3. Past history of deep vein 
’ is or thromboembolic disorders. 4. Undiagnosed abnormal genital 

bleeding. 5. OCs should not be used by women who have or have had any of the 

following: a. cerebral vascular or coronary artery disease, including myocardial 

infarction. b. known or suspected apg eed Ke oaet, a or ref 

pected estrogen dependent neoplasia. d. benign or malignant liver tumor that 

developed during use of OCs or other estrogen containing products. 


increases the risk of serious cardiovascu- 









The use of OCs is associated with increased risk of several serious conditions 
including thromboembolism, stroke, myocardial infarction, liver tumor, gall 
bladder disease, visual disturbances, fetal abnormalities, and hypertension. 
Practitioners pre gag should be familiar with the following informa- 
tion relating to these ri 


1, Thromboembolic Disorders and Other Vascular Problems: An increased risk of 
thromboembolic and thrombotic disease associated with OC use is established. 
One study demonstrated an increased relative risk for fatal venous thromboem- 
bolism and several studies demonstrated it for non-fatal venous thromboembol- 
ism. estimate that OC users are 4-11 times more likely than nonusers to 
diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
lar disease. Another British study showed a lower death rate in OC users than 
controls; an increase in cardiovascular deaths was seen but was not statistically 
significant. A U.S. prospective study failed to disclose increased mortality rates 
from cardiovascular disorders, but a subset analyzed as a ive, case- 
control study showed significant increases in venous thromboembolism. CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies. In an American study of 
cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-9.5 times greater in users than nonusers. A British long- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
number of cases was too small to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents; smoking and pill use 
appear to increase risk more than either alone. 
MYOCARDIAL INFARCTION (MI). Increased relative risk of MI associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia, obesity, diabetes, history of preeclamptic toxemia) 
the higher the risk of developing MI, regardless of OC use. OCs were an 
additional risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major predisposing condition to 
Mi) are twice as likely to have a fatal MI as nonsmoking nonusers. OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
smoking users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. eee are based on British vital statistics which show acute MI 
death rates 2-3 times less than in the U.S. so U.S. death rates could be higher) 
te hing of other predisposing conditions in determining relative and absolute 
risks has not been quantified; other synergistic actions may exist. RISK OF 
DOSE. Using data from several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coro- 
nary thrombosis, is directly related to estrogen dose in OCs. OCs with 0.1 mgo 
more of estrogen were associated with a higher risk of thromboembolism than 
those containing 0.05-0.08 mg but quantity of raa gp may not be the sole 
factor. This was supported by a US. study. A British study found a positive 
association between dose of progestogen or estrogen and certain thromboembol- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Careful 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with progestogen-only OCs have not been done. Thromboembolic 
disease has been reported in women usin cena gpg oe and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for MI; another my sugea the 
tng of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated mortality rate per 100,000 women per year from circulatory system 
diseases for OC users and nonusers according to age, smoking habits, and 
duration of use. The overall annual excess death rate for OC users was estimated 
to be 20/100,000 (ages 15-34-—5/100,000; ages 35-44-33/100,000; ages 45- 
49-140/100,000). Risk is concentrated in long-term users and in smokers, and 
may persist after OC discontinuation. Although the oy showed a 10-fold 
increase in death due to circulatory diseases in users for 5 or more years, all 
occurred in women 35 or older. An update provided the following rates: ages 
15-34—1/6700 for nonsmokers and 1/2000 for smokers; ages 45 and over- 
1/2500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity, but not with duration of use. Until more women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess 
relative risk for this age group. Data from a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk of the contraceptive 
method (e.g., thromboembolic and thrombotic disease for OCs) plus risk 
attribut to raps ironed or abortion if the method fails (which varies with 
the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with all contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. Ma given for pill only/ 
smokers for each age are for smokers as a class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double; for “light” smokers 
(less than 15), about half.) The lowest mortality is with the condom or 
wists. ei backed up by early abortion. The study also concluded that OC 
users smoke, especially over 30, have greater mortality risk than OC users 
who do not smoke. 
Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further increased by hypertension, hyperlipide- 
mias, Obesity, diabetes, or history of preeclamptic toxemia, and soy by 
smoking. The following chart gives a gross estimate of risk of death from 
circulatory disorders associated with OC use. 







SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—RISK ASSOCIATED WITH USE OF OCs 


Age Below 30 30-39 40 + 

Heavy smokers c B A 
Light smokers D C B 

(no predisposing conditions) D C.D c 
Nonsmokers À 

(other predisposing conditions) C C.B BA 
A-Use associated with very high risk. 
B—Use associated with high risk. 
C—Use associated with moderate risk. 


D—Use associated with low risk. 
Physician and patient should be alert to earliest manifestations of thromboembol- 
ic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, discontinue OC 
immediately. A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. If feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization. Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden, or 
gradual, partial or complete loss of vision; onset of proptosis or diplopia; 
papilledema; or retinal vascular lesions; and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma’ Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
or malignant, such as breast, cervix, vagina, uterus, ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules, benign and malignant, in dogs. Several retri tive case- 
control studies reported an increased relative risk (3.1-13.9 times) associating 
endometrial carcinoma with bed proper use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without phages mee risk factors for adeno- 
carcinoma of the endometrium (e.g.. irregular bleeding when OCs were first 
ne. polycystic ovaries), nearly all occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
Si ting an increased risk of endometrial cancer in users of conventional 
combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was poan for OC users with documented benign 
breast disease and for long-term (2-4 years) users. Another s found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
than among nonusers with breast cancer One other study indicated an 
increasing risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years) OC use prior to first full term pregnancy was associated with a significant 
relative risk of breast cancer, and other studies sted an incr risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence of 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in situ in OC users compared to nonusers. This became Statistical 
significant after 3-4 years of use. Nonreversal of dysplasia within the first 
months of pill use was suggested to predict progression after prolonged expo- 
sure. One study disclosed an increased risk of cancer of the cervix (largely 
carcinoma in situ) in OC users under 40, particularly those who had used OCs 
over 4 years. Two other studies ws an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microglandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all OC users is, nevertheless, 
essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate eo age measures to rule out gs an Monitor 
OC users with a strong family histOry of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with particular care. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture and 
hemorrhage of a liver tumor There have been reports associating benign or 
malignant liver tumors with short-term and long-term OC use. One study 
reported use of OCs with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration of 
use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatocellular adenoma of 3-4/100,000 
Although an uncommon lesion, it should be considered in women presenting with 
an “acute abdomen”. The tumor may cause serious or fatal hemorrhage. Patients 
with liver tumors have demonstrated variable clinical features which may make 
a ney diagnosis difficult. Some cases presented because of right upper 
quadrant masses, while most had signs and symptoms of acute intraperitoneal 
hemorrhage. Routine radiological and laboratory studies may not be helpful. Liver 
scans may show a focal defect. Hepatic arteriography may be useful in diagnos- 
ing primary liver neoplasm. 5. Use in or Immediately Preceding Pregnancy, Birth 
Defects in Offspring, and Malignancy in Female Offspring: Use of female sex 
hormones—estrogenic and progestational agents—during early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethylstilbestrol, a 
nonsteroidal estrogen, have an increased risk of developing in later life a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with particular care. A high percentage of 
women exposed to diethylstilbestrol (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not 
known whether they are a precursor of vaginal malignancy. Male children so 
exposed may develop urogenital tract abnormalities, Although similar data are 
not available on other estrogens, it cannot be presumed that they would not 
induce similar changes. Increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs, in pregnancy. One case-control study estimated a 4.7-fold increased relative 
risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion), Some exposures involved only a few days of treatment. Data oupest 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1/1 
live births. In a large peop Study, cardiovascular detects in children born to 
women who received female hormones, re OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 for children not so exposed in 
utero. These results are posse be nificant. A Welsh study found a statisti- 
Cally significant excess of neural tube defects among offspring of prior OC users 
(within 3 months) than among controls. The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC use. In the 
past, female sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective, 
and there is no evidence from well controlled studies that progestogens are 
effective for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown. If 
the patient has not adhered to the prescribed schedule, consider possible preg- 
nancy at the first missed period (or 45 days from the last menstrual period it 
is gg aie OCs are used) and discontinue OC use until pregnancy has 
n ruled out. For any patient who has missed two consecutive periods, rule 
out pregnancy before continuing the OC. If pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant should use an 
alternate form of contraception for a period of time before attempting to con- 
ceive. A 3-month period is supported by a study suggesting increased frequency 
of neural tube defects in women impregnated during the first 3 months after 
cessation of OC use. Do not use ogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding as a pregnancy test. 6. Gall Bladder 


Disease: Studies report increased risk of gall badder disease in OC or estrogen 
users. In one study, an increased risk appeared after 2 years of use and doubled 
after 4-5 years. In another study, an increased risk was apparent between 6 and 
12 months. 7. Carbohydrate and Lipid Metabolic Effects: Because a decrease in 
a tolerance has been observed in a significant of patients on 

Cs, prediabetic and diabetic OC users sheuld be carefully observed. An 
increase in triglycerides and total Aang has been observed in OC users 
but its clinical significance is unknown. 8. Elevated Blood Pressure: An increase 
in blood pressure has been reported with OC use. Hypertension may occur 
within a few months of beginning OCs. In the first year of use, incidence of 
hypertension may be no higher in OC users than in nonusers. Incidence in users 
increases with exposure and in the fitth year of use is 2.5-3 times that in the 
first year. is ony correlated with hypertension in OC users. Women with 
a history of elevated blood pressure (hypertension), preexisting renal disease, 
history of toxemia or elevated blood pressure during pregnancy, familial ten- 
dency to hypertension or its consequences, or history of excessive weight gain 
or fluid retention during the menstrual cycle ney A be more likely to develop 
elevated blood pressure when given OCs and should be monitored closely. Even 
though elevated blood pressure may remain within the “normal” range, closely 
watch elevations, particularly for women with ether risk factors tor cardiovascu- 
lar disease or stroke. High blood pressure may or may nat persist after OC 
discontinuation. 9. Headache: Discontinue OC and evaluate the cause of onset or 
exacerbation of migraine or development of a sew pattern of headache which is 
recurrent, persistent, or severe. 10. Bleeding Irregularities: Breakt bleed- 
ing, spotting, and missed menses often make users discontinue OCs. In break- 
through bleeding, as in all cases of irregular bleeding from the vagina, consider 
nonfunctional causes. In undiagnosed persistest or recurrent abnormal bleeding 
from the vagina, use adequate diagnostic measures to rule out pregnancy or 
malignancy. If pathology has been excluded, ‘ime or another formulation may 
solve the problem. While potentially useful in minimizing menstrual irregularity, 
change to an OC with a higher estrogen content only if necessary since this may 
increase the risk of thromboembolic disease. Women with a nistory of oligo- 
menorrhea or secondary amenorrhea or young women without regular cycles 
may tend to remain anovulatory or to become amenorrheic after OC discontin- 
uation. Women with these preexisting problems should be advised of this and 
encouraged to use other contraceptive methods. Post-use anovulation, ibly 
prolonged, may occur in women without previous irregularities. A higher inci- 
dence of galactorrhea and of pituitary tumors (e.g., adenomas) has been asso- 
ciated with amenorrhea in former users compared with nonusers. One study 
reported a 16-fold increased incidence of pituitary prolactin-secreting tumors 
among patients with postpill amenorrhea when galactorrhea was present. 11. 
Infertility: There is evidence of impairment of fertility in women discontinuing 
OCs in comparison with other contraceptive methods, which appears to be 
independent of duration of use. While impairment diminishes with time, there is 
an appreciable difference in the results in nulliparous women for OC and other 
groups 30 months after discontinuation of birth control. For parous women the 
difference is not apparent 30 months after cessation of ssh yl One study 
eure Chlamydia trachomatis infection, the leading cause of nongonococcal 
PID., is enhanced by OCs. 12. Ectopic Pregnancy: Ectopic as well as intrauterine 
pregnancy may occur in OC failure. In progestogen-only OC failures, the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more effective in preventing intrauterine than ectopic pregnancies. 13. Breast 
Feeding: OCs in the postpartum period may interfere with lactation by decreas- 
ing quant and quality of breast milk. A small fraction of OC hormonal agents 
has been identified in milk of mothers recewing OCs. Effects, if any, on the 
breast-fed child have not been determined. If feasible, defer OC use until the 
infant has been weaned. Precautions GENERAL 1. Take a complete medical and 
famil parat before starting OCs. Pretreatment and periodic physical exams 
should include special reference to blood pressure, breasts, abdomen and pelvic 
organs, including Papanicolaou smear and relevant lab tests. As a general rule, 
OCs should not be prescribed for longer than 1 year without another physical. 2. 
Under the influence of estrogen-progestogen preparations, preexisting uterine 
leiomyomata may enlarge. 3. Observe patients with a history of psychic depres- 
sion and discontinue OCs if cree recurs to a serious degree. Patients 
becoming significantly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma or 
Cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metabolized 
in patients with impaired liver function and should be administered with caution 
in such patients. 7 OC users may have disturbances in normal tryptophan 
metabolism that may result in a relative pyridoxine deficiency. The clinical signif- 
icance is unknown. 8. Serum folate levels may be depressed by OC use. Since 
the pregnant woman is predisposed to folate deficiency and incidence of folate 
deficiency increases with increasing gestation, if a woman becomes pregnant 
shortly after stopping OCs, she may have a greater chance of developing folate 
deficiency and related complications. 9. Advise the pathologist of OC use when 
relevant specimens are submitted. 10. Certain endocrine anc liver function tests 
and blood components may be affected by estrogen-containing OCs, For exam- 
ple: a. Increased sulfobromophthalein retention. b. Increased prothrombin and 
factors VII, VIII, IX, and X; decreased antithrembin 3; increased norepinephrine- 
induced platelet aggregabilty c. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone, as measured 
protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is 
unaltered. d. Decreased pregnanediol excretion. e. Reduced response to metyra- 
pone test. f. Increased phospholipids and triglycerides. g. Temporarily decreased 
glucose tolerance. 11. Contact lens wearers who develop visual changes or 
changes in lens tolerance should be assessed by an ophthalmologist and tempo- 
rary or permanent cessation of wear considered. DRUG INTERACTIONS. OCs 
may be effective and there may be increased breakthrough bleeding from 
interactions with rifampin, isoniazid, ampicillin, tetracycline, neomycin, penicillin 
V. chloramphenicol, sulfonamides, nitrofurantoin, barbiturates, phenytoin, primi- 
done, analgesics, tranquilizers, antimigraine preparations, antihistamines, and 
griseofulvin. OCs may alter effectiveness of such other drugs as oral anticoagu- 
lants, anticonvulsants, tricyclic antidepressants, antihypertensive agents (e.g. 
guanethidine), vitamins, hypoglycemic agents, tranquilizers, hypnotic prepara- 
tions, theophylline, and beta blockers. Toxic liver effects have been reported with 
a combination of an OC and rte abe A. CARCINOGENESIS See Warnings. 
PREGNANCY Pregnancy category See Contraindications and Warnings. 
NURSING MOTHERS See Warnings. Adverse Reactions An increased risk of t 
following serious adverse reactions has been associated with OC use (see Warn- 
ings): psoas: thrombosis, pulmonary embolism, coronary thrombosis, 
cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral hemorrhage, 
hypertension, gall bladder disease, c ital anomalies, neuro-ocular lesions, 
e.g., retinal thrombosis and optic neuritis, Raynaud's disease, arterial throm- 
boembolism. The following adverse reactions have been reported in OC users 
and are believed to be drug related: bleeding irregularities (breakthrough bleed- 
ing, spotting, missed menses during treatment, amenorrhea after treatment), 
gastrointestinal symptoms (nausea, vomiting, bloating, abdominal cramps, , 
colitis), dysmenorrhea, infertility after discontinuance of treatment, edema. 
chloasma or melasma which may persist after drug is discontinued, breast 
changes (tenderness, enlargement, and secretion), intolerance to contact lenses, 
changes in corneal curvature (steepening), change in weight (increase or 
decrease), change in cervical erosion and cervical secretion, possible diminution 
of lactation when given immediately postpartum, cholestatic jaundice, migraine, 
increase in size of uterine leiomyomata, rash (allergic), mental depression, 
reduced tolerance to carbohydrates, vaginal candidiasis, prolactin-secreting pitu- 
itary tumors, chilblains. The following adverse reactions have been reported in 
OC users and the association has been neither confirmed nor refuted: premen- 
strual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, 
cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of hair, 
erythema multiforme, erythema nodosum. hemorrhagic eruptions, vaginitis, 
porphyria, impaired renal function, malignant nephrosclerosis (hemolytic uremic 
syndrome), malignant hypertension, acute renal failure. Information for the 
Patient (See Patient Package Insert). 
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WARNING 

THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED. 

Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion or 
treat threatened abortion. There is no adequate evidence that such 
use is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
to influence. In addition, the use of progestational agents, with their 
uterine-relaxant properties, in patients with fertilized defective ova may 
cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study 
estimated a 4.7-fold increased risk of limb reduction defects in infants 
exposed in utero to sex hormones (oral contraceptives, hormone with- 
drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 

lf the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 


INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
normonal imbalance in the absence of organic pathology such as fibroids or 
Jterine cancer. 

CONTRAINDICATIONS: Thrombophiebitis, thromboembolic disorders, cere- 
bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
tion or disease. Known or suspected malignancy of breast or genital organs. 
Undiagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
progesterone acetate. As a diagnostic test to pregnancy. 

WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
treated with medroxyprogesterone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in control 
animals, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
has not been established. 3. Discontinue medication pending examination if 
there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
or migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
tion. 4. Detectable amounts of progestin have been identified in the milk of 
mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (see Warning box). 
6. Three major studies in Great Britain and one in this country have shown a 
statistically significant association between thrombophlebitis, pulmonary embo- 
lism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
has been estimated that users are several times as likely to undergo thrombo- 
embolic disease without evident cause as nonusers. The American study indi- 
cated that the risk did not persist after discontinuation, and it was not enhancea 
by long-continued administration. 

PRECAUTIONS: A pretreatment physical exam should include special refer- 
ence to breast and pelvic organs and a Papanicolaou smear. This drug may 
cause fluid retention; therefore, carefully observe patients with conditions influ- 





enced by fluid retention such as epilepsy, migraine, asthma, and cardiac or 
renal dysfunction. In irregular bleeding per vaginum, bear in mind nonfunc- 
tional causes and perform adequate diagnostic measures. Advise pathologist 
of therapy when submitting relevant specimens. Carefully observe patients with 
history of psychic depression and discontinue drug if serious depression 
recurs. Any possible influence of prolonged therapy on pituitary, ovarian, adrenal, 
hepatic, or uterine function awaits further study. Decreased glucose tolerance 
has been observed in a small percentage of patients on estrogen-progestin 
combinations; therefore, carefully observe diabetic patients receiving progestin 
therapy. Age constitutes no absolute limiting factor, although onset of climacteric 
may be masked. Because of the occasional occurrence of thrombotic disorders 
(thrombophlebitis, pulmonary embolism, retinal thrombosis, and cerebrovas- 
cular disorders) in patients taking estrogen-progestin combinations and since 
the mechanism is obscure, the physician should be alert to the earliest mani- 
festation of these disorders. (See Patient Information for complete prescribing 
information.) 

ADVERSE REACTIONS: Pregnancy: (see Warning box); Breast: rare 
reports of breast tenderness or galactorrhea; Skin: sensitivity reactions includ- 
ing pruritus, urticaria, edema and generalized rash; acne, alopecia and hirsut- 
ism in a few patients; Thromboembolic Phenomena including thrombo- 
phlebitis and pulmonary embolism. 

The following adverse reactions have been observed in women taking 
progestins including medroxyprogesterone acetate: breakthrough bleeding; 
spotting; change in menstrual flow; amenorrhea; edema; change in weight; 
changes in cervical erosion and secretions; cholestatic jaundice; rash (allergic) 
with and without pruritus; mental depression; anaphylaxis and anaphylactoid 
reactions; pyrexia; insomnia; nausea and somnolence. 

A statistically significant association has been demonstrated between use of 
estrogen-progestin combination drugs and the serious adverse reactions of 
thrombophlebitis, pulmonary embolism and cerebral thrombosis and embo- 
lism. Therefore, patients on progestin therapy should be carefully observed. 

Although available evidence is suggestive, a relationship has been neither 
confirmed nor refuted for the association of the serious adverse reaction of 
neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been observed in patients receiving 
estrogen-progestin combination drugs: rise in blood pressure in susceptible 
individuals; premenstrual-like syndrome; changes in libido; changes in appe- 
tite; cystitis-like syndrome; headache; nervousness; dizziness; fatigue; back- 
ache; hirsutism; loss of scalp hair; erythema multiforme; erythema nodosum; 
hemorrhagic eruption; and itching.Therefore, observe patients on progestin 
therapy carefully. 

The following laboratory results may be altered by the use of estrogen- 
progestin combination drugs: increased sulfobromophthalein retention and 
other hepatic function tests; coagulation tests (increase in prothrombin factors 
VII, Vill, IX and X); metyrapone test; pregnanediol determination; thyroid function 
tests (increase in PBI, and butanol extractable protein bound iodine and de- 
crease in T? uptake values). 


Caution: Federal law prohibits dispensing without prescription. 
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Intraoperative slides and line drawings fully illustrate the text. 


Once you see it, you won't let it go! Order your copy today! 
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Decker, Inc. publication. About $79.50 
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traditional procedures. 


Traditional in-office Hb testing involves messy reagents, 
pipettes, test tubes, etc— not to mention instrument 
calibration and zero setting. A complex and time con- 
suming procedure with high error potential, especially 
in the dispensing of blood and reagents. 

Or take hematocrit where errors can A 
arise from incorrect centrifuge speeds. 
And more to the point, why measure 
hematocrit when it is the Hb value 
that defines anemia? 











And what ifyou use an outside laboratory instead? 

When the test results finally arrive the patient has long 
since left your office. The case record has to be 
extracted again, the patient contacted 
and perhaps recalled. 


Sales and service outside the U.S.: 
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Tel. (Karachi) 22 44 20. Singapore: Transmedic Pte Ltd. Tel. 274 66 33. Malaysia: Translab (M) Sdn Bhd. Tel. 03-78 10 44. Indonesia: Berca Indonesia Pt. Tel. 021-34 38 86. 
Hongkong & Macao: Science International. Tel. 05-43 74 42. Taiwan: Transmedic Co Ltd. Tel. 02-981 5343. South Korea: Poong Nam Corp. Tel. (02) 557-6947. 4 
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The HemoCue microcuvette draws an exact amount 


o of blood. 





Insert the microcuvette into the HemoCue 
è photometer. 





Result displayed automatically within | 
o 15-45 seconds. 








The secret of the HemoCue Hb test system lies in 
the unique disposable microcuvette, which serves 
as pipette, test tube and measuring vessel in one. 
Containing a dry reagent it self-fills with blood by 
capillary action to produce a precise chemical 
reaction. 

The HemoCue photometer is fully automated. 
The only control is the ON/OFF switch! No liquid 
reagents are used. Zero setting and functional 
adjustments are performed automatically between 
tests. It also automatically compensates for 
turbidity in the sample! 

Thanks to HemoCue you can now get 
accurate Hb test results, truly stat, while the 
patient is still in your office. 

For more information on this new and econo- 


mical test, call 800-323-1674 (CA 714-859-7779). 





HemoCue 


Developed and manufactured by 
Leo Diagnostics AB, S-251 09 Helsingborg, Sweden. 


Marketing and technical service in the USA exclusively 
through 

Medical Equipment Designs, Inc. 

23521 Ridge Route Dr. Suite A, Laguna Hills, CA 92653. 
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Complete coverage— 
and minimal vaginal leakage! ' 
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AS effective as miconazole cream— 
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3 DISPOSABLE APPLICATORS 


Patient convenience and satisfaction— 
for enhanced compliance! 


*in non-pregnant patients, 3-day treatment is recommended. Treatment 
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Brief Summary 


INDICATIONS: 
FEMSTAT® (butoconazole nitrate) vaginal cream 2.0% 


is indicated for local treatment of vulvovaginal mycot- 


ic infections caused by Candida species. Confirm the 
diagnosis by KOH smears and/or cultures. FEMSTAT 


can be used with oral contraceptives and antibiotics. 


It is effective in non-pregnant women and during the 
second and third trimesters of pregnancy. 


CONT RAINDICATIONS: 

FEMSTAT is contraindicated in patients hypersensitive 
to any of the ingredients. 

PRECAUTIONS: 

General: 

If clinical symptoms persist, repeat microbiological 
tests to rule out other pathogens and confirm the 


diagnosis. Discontinue drug if sensitization or irrita- 


tion occurs. 


Information for the Patient: 
Do not discontinue prematurely during menstruation 
or because of symptomatic relief. 


Carcinogenesis: 
Animal studies have not been done. 


Mutagenesis: 
Mutagenicity studies were negative. 


Impairment of Fertility: 
Animal studies showed no impairment of fertility. 


Pregnancy Category C: 

Adverse effects were noted in animals treated with 
high oral doses. No studies were done in women 
during first trimester. Patients in the second or third 
trimester have shown no adverse effects attributable 
to the drug. 


Nursing Mothers: 
Use with caution. 


Pediatric Use: 
Safety and efficacy have not been established. 


ADVERSE REACTIONS: 


Vulvar/vaginal burning in 2.3% of patients, vulvar itch- 


ing in 0.9%, discharge, soreness, swelling, itching of 


fingers each in 0.2%. Complaints caused 1.6% to dis- 


continue drug. 
DOSAGE AND ADMINISTRATION: 


Non-pregnant Patients: The recommended dose is 
one applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days. Treatment 
can be extended for an additional three days if 
necessary. 


Pregnant Patients (second and third trimesters only): 
The recommended dose is one applicatorful of cream 
(approximately 5 grams) intravaginally at bedtime 
for six days. 


CAUTION: 


Federal law prohibits dispensing without 
prescription. 
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work is published. The undersigned author warrants that 


23A 


Information 
for 
Authors 





E. J. Quilligan, Editor 

University of California, Davis, School of Medicine, 
Department of Obstetrics and Gynecology, 1621 
Alhambra Blvd., Suite 2500, Sacramento, CA 
95816 


Rosalyn Vu, Editorial Assistant 
Tel.: (916) 453-5950 


Albert B. Gerbie, Associate Editor 
710 North Fairbanks Court, Chicago, IL 60611 


Publisher 
THE C. V. MOSBY COMPANY, 11830 Westline 
Industrial Drive, St. Louis, Missouri 63146 


Kay G. Goehler, Senior Manuscript Editor 
Tel.: (314) 872-8370 


the article is original, is not under consideration by another 
journal, and has not been previously published. I sign for 
and accept responsibility for releasing this material on 
behalf of any and all co-authors.” Authors will be consult- 
ed, when possible, regarding republication of their materi- 
al. 
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tee any claim made by the manufacturer of such product or 
service. 

General requirements for preparation of manuscripts 

The original and two good-quality copies of the manu- 


script and three glossy prints of illustrations are 
required. 

Manuscripts must be typed double spaced on one side 
only on 22 by 28 cm (8 1/2 by 11 inch) white bond paper 
with 1 inch margins at top, bottom, and sides. Number 
pages consecutively in the upper right-hand corner in the 
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name and address of author responsible for correspondence 
concerning the manuscript if different from author to 
whom reprint requests are addressed. At the bottom of the 
title page supply a short title for the running head not 
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Abstract page and key words/phrases. On manuscript 
page two is the abstract, also typed double spaced with the 
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author(s) name(s). Abstracts for regular articles, Current 
Investigation, Clinical Opinion, and Current Development 
may not exceed 150 words. Abstracts for case reports and 
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generally more effective for describing techniques or 
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than the person performing the action. 
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ble, in the abstract. In the text they should be kept to a 
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drugs may be used. If the generic or chemical name is used, 
authors may, if they desire, insert the proprietary name in 
parentheses after the first mention in the text, with the 
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Regular articles are customarily organized into the 
following sections: an introduction and headings that 
identify Material and Methods, Results, and Comment. 
Authors may wish to summarize their findings in a short 
paragraph at the end of the Comment section. This format 
may not be appropriate for some types of articles. 

In the introduction, state concisely the purpose and 
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Journals.” Journal titles should conform to abbreviations 
used in Cumulated Index Medicus. 
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Editors for color reproduction. For color photographs, 
submit original transparencies and two sets of unmounted 
prints on glossy paper with good color balance. For black 
and white illustrations, submit three sets of 3 by 4 inch 
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the text in Arabic numerals and identified thusly on the 
back of the print (gummed label with author(s) name(s), 
title of article, number, and top marked clearly). Do not 
use paper clips. Legends must accompany all figures; type 
double spaced on a single sheet of paper if possible and 
number with manuscript in sequence after the references. 
Titles should be included in the legend, not on the print. 

All lettering must be done with commercially available 
paste-on letters (or numbers) or by a professional; typed or 
freehand lettering is not acceptable. All lettering must be 
in proportion to the drawing, graph, or photograph. Origi- 
nal drawings, appropriately done in black India ink, 
roentgenograms, and other material must be submitted as 
glossy photographic prints with good black and white 
contrast. Consistency in size within the article is strongly 
preferred. Any special instructions regarding sizing should 
be clearly noted. Illustrations will be returned only on the 
author’s request. 

Tables should be typed on separate sheets of paper and 
included at the end of the text, one to a page. They should 
be numbered in Roman numerals. Each table must be cited 


Estimating length of manuscript 
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A 4200 word text can seldom be accepted, especially if tables and figures are included. The 
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in sequence at an appropriate point in the text. Captions 
should be brief yet indicate clearly the purpose or content 
of each table and each column precisely defined by 
headings. Abbreviations and special designations should be 
explained in a footnote to the table. Special arrangements 
must be made with the Editors for elaborate tables because 
of space limitations. 

Illustrations and tables should supplement, not dupli- 
cate, the text; presentation in either one or the other will 
suffice. 

Permissions and photographic consent. Previously pub- 
lished tables and figures must be correctly referenced and 
written permission from the copyright holder included with 
the manuscript. Photographs of identifiable persons must 
be accompanied by signed releases or else all recognizable 
features masked. 


Requirements for special sections 

Case reports and brief clinical and basic science commu- 
nications. Limit of 700 words, 2 references. Include 
abstract of 50 words maximum, 3 to 5 key words/phrases 
for indexing purposes, and short title. If tables and/or 
figures are used, an equivalent number of words must be 
deducted from the total (see “Estimating Length of 
Manuscript”). 

Current Investigation. Same requirements as for a regu- 
lar article. 

Clinical Opinion. Limit of 3000 words, 16 references. 
Include abstract of 50 to 150 words, 3 to 5 key words/ 
phrases, and short title. Submit to Dr. Zuspan. 

Current Development. Limit of 6000 words. Include 
abstract of 50 to 150 words, 3 to 5 key words/phrases, and 
short title. Submit to Dr. Zuspan. 

Correspondence. Two types of correspondence will be 
considered for publication. (1) A Letter to the Editors 
commenting on an article that has appeared in the JOUR- 
NAL should be brief and directly related to the published 
article. The editorial staff reserves the right to shorten 
letters if necessary and to make minor editorial alterations 
without reference to the writer. Letters may be published 
together with a reply from the original author. As space for 
letters is limited, only a selection of letters submitted may 
be published. (2) A brief case presentation or a short report 
of a pertinent observation in the form of a Letter to the 
Editors will be considered for publication. All letters 
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Before prescribing, see complete prescribing information in SK&F literature or PDR. The 
following is a brief summary. 

INDICATIONS 

‘Cefizox’ is indicated in the treatment of infections due to susceptible strains of the micro- 
organisms listed below: 


LOWER RESPIRATORY TRACT INFECTIONS caused by Streptococcus sp. including S. 
pneumoniae (formerly D. pneumoniae), but excluding enterococci; Klebsiella sp.; Proteus mir- 
abilis; Escherichia coli; Haemophilus influenzae including ampicillin-resistant strains; Staphy- 
lococcus aureus (penicillinase and nonpenicillinase producing); Serratia sp.; Enterobacter sp.; 
and Bacteroides sp. 


URINARY TRACT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 

penicillinase producing); Escherichia coli; Pseudomonas sp. including Ps. aeruginosa; Proteus 
mirabilis; P vulgaris; Providencia rettgeri (formerly Proteus rettgeri) and Morganella morganii 
(formerly Proteus morganii); Klebsiella sp.; Serratia sp. including S. marcescens; Enterobacter sp. 


GONORRHEA. Uncomplicated cervical and urethral gonorrhea caused by Neisseria gonorrhoeae. 


INTRA-ABDOMINAL INFECTIONS caused by Escherichia coli; Staphylococcus epidermidis; 
Streptococcus sp. (excluding enterococci); Enterobacter sp.; Klebsiella sp.; Bacteroides sp. 
including &. fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 


SEPTICEMIA caused by Streptococcus sp. including S. pneumoniae (formerly D. pneumoniae), 
but excluding enterococci; Staphylococcus aureus (penicillinase and nonpenicillinase produc- 
ing); Escherichia coli; Bacteroides sp. including B. fragilis; Klebsiella sp.; and Serratia sp. 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staphylococcus aureus (penicillinase 
and nonpenicillinase producing); Staphylococcus epidermidis; Escherichia coli; Klebsiella 

sp.; Streptococcus sp. including Streptococcus pyogenes (group A beta-hemolytic), but excluding 
enterococci; Proteus mirabilis; Serratia sp.; Enterobacter sp.; Bacteroides sp. including B. 
fragilis; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 


BONE AND JOINT INFECTIONS caused by Staphylococcus aureus (penicillinase and non- 
penicillinase producing); Streptococcus sp. (excluding enterococci); Proteus mirabilis; Bacteroides 
sp.; and anaerobic cocci, including Peptococcus sp. and Peptostreptococcus sp. 

MENINGITIS caused by Haemophilus influenzae. ‘Cefizox’ has also been used successfully 

in the treatment of a limited number of pediatric and adult cases of meningitis caused by Strep- 
tococcus pneumoniae. 


‘Cefizox’ has been effective in the treatment of seriously ill, compromised patients, including 
those who were debilitated, immunosuppressed or neutropenic. 


Many infections caused by aerobic gram-negative organisms and by mixtures of organisms 
resistant to other cephalosporins, aminoglycosides, or penicillins respond to treatment with 
‘Cefizox’. 


Because of the serious nature of some urinary tract infections due to Ps. aeruginosa and 
because many strains of Pseudomonas species are only moderately susceptible to ‘Cefizox’, higher 
dosage is recommended. Other therapy should be instituted if the response is not prompt. 


Susceptibility studies on specimens obtained prior to therapy should be used to determine the 
response of causative organisms to ‘Cefizox’. Therapy with ‘Cefizox’ may be initiated pending results 
of the studies; however, treatment should be adjusted according to study findings. In serious 
infections ‘Cefizox’ has been used concomitantly with aminoglycosides (see Precautions). Before 
using ‘Cefizox’ concomitantly with other antibiotics, the prescribing information for those 
agents should be reviewed for contraindications, warnings, precautions and adverse reactions. 
Renal function should be carefully monitored. 


CONTRAINDICATIONS 

‘Cefizox’ is contraindicated in persons who have shown hypersensitivity to cephalosporin 
antibiotics. 

WARNINGS 

BEFORE THERAPY WITH ‘CEFIZOX’' IS INSTITUTED, CAREFUL INQUIRY SHOULD 

BE MADE TO DETERMINE WHETHER THE PATIENT HAS HAD PREVIOUS HY PERSEN- 
SITIVITY REACTIONS TO CEPHALOSPORINS, PENICILLINS, OR OTHER DRUGS. 

THIS PRODUCT SHOULD BE GIVEN CAUTIOUSLY TO PENICILLIN-SENSITIVE PA- 
TIENTS. ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT 
WHO HAS DEMONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. 
SERIOUS ACUTE HYPERSENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND 
OTHER EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with the use of cephalosporins (and other 
broad-spectrum antibiotics); therefore, it is important to consider its diagnosis in patients who 
developed diarrhea in association with antibiotic use. Treatment with broad-spectrum antibiotics 
alters normal flora of the colon and may permit overgrowth af Clostridia. Studies indicate a 
toxin produced by Clostridium difficile is one primary cause of antibiotic-associated colitis. 
Cholestyramine and colestipol resins have been shown to bind the toxin in vitro. Mild cases of 
colitis may respond to drug discontinuance alone. Moderate to severe cases should be managed 
with fluid, electrolyte and protein supplementation as indicated. When the colitis is not relieved 
by drug discontinuance or when it is severe, oral vancomycin is the treatment of choice for anti- 
biotic-associated pseudomembranous colitis produced by C. difficile. Other causes of colitis 
should also be considered. 


PRECAUTIONS 

General: As with all broad-spectrum antibiotics, ‘Cefizox’ should be prescribed with caution in 
individuals with a history of gastrointestinal disease, particularly colitis. 

Although ‘Cefizox’ has not been shown to produce an alteration in renal function, renal status 
should be evaluated, especially in seriously ill patients receiving maximum dose therapy. As 
with any antibiotic, prolonged use may result in overgrowth of nonsusceptible organisms. Care- 
ful observation is essential; appropriate measures should be taken if superinfection occurs. 


Drug Interactions: Although the occurrence has not been reported with ‘Cefizox; nephrotox- 
icity has been reported following concomitant administration of other cephalosporins and 
aminoglycosides. 


Pregnancy: (Category B.) Reproduction studies have been performed in rats and rabbits and 
have revealed no evidence of impaired fertility or harm to the fetus due to ‘Cefizox’. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 


Labor and Delivery: Safety of ‘Cefizox’ use during labor and delivery has not been established. 


Nursing Mothers: ‘Cefizox’ is excreted in human milk in low concentrations. Caution should be 
exercised when ‘Cefizox’ is administered to a nursing woman. 

Infants and Children: Safety and efficacy in infants from birth to six months of age have not been 
established. In children six months of age and older, treatment with ‘Cefizox’ has been associated 
with transient elevated levels of eosinophils, SGOT, SGPT and CPK (creatine phosphokinase). 
The CPK elevation may be related to I.M. administration. 


ADVERSE REACTIONS 

Ceftizoxime is generally well tolerated; the most frequent adverse reactions (greater than 1%, but 
less than 5%) are: Hypersensitivity—Rash, pruritus, fever. Hepatic—Transient elevation in SGOT, 
SGPT and alkaline phosphatase. Hematologic—Transient eosinophilia, thrombocytosis. 

Some individuals have developed a positive Coombs test. Loca/—Injection site—Burning, 
cellulitis, phlebitis with I.V. administration, pain, induration, tenderness, paresthesia. 


Less frequent adverse reactions (/ess than 1%) are: Hypersensttivity—Numbness has been 
reported rarely. Hepatic—Elevation of bilirubin has been reported rarely. Rena/—Transient eleva- 
tions of BUN and creatinine have been occasionally observed with ceftizoxime. Hematologic— 
Anemia, leukopenia, neutropenia and thrombocytopenia have been reported rarely. 
Genitourinary—Vaginitis has rarely occurred. Gastrointestinal—Diarrhea; nausea and vomiting 
have been reported occasionally. Symptoms of pseudomembranous colitis can appear during 
or after antibiotic treatment. (See Warnings.) 

HOW SUPPLIED 

Cefizox (sterile ceftizoxime sodium, FSK) is supplied in vials equivalent to 1 gram or 2 grams of 
ceftizoxime:; in “Piggyback” Vials for LV. admixture equivalent to 1 gram or 2 grams of ceftizoxime. 
Cefizox (ceftizoxime sodium injection, FSK) as a frozen, sterile, nonpyrogenic solution in 
plastic containers—supplied in 50 ml. single-dose containers equivalent to 1 gram or 2 grams of 
ceftizoxime, in 5% Dextrose (D5W). Do not store above -20°C. 


‘Cefizox’ supplied as a frozen, sterile, nonpyrogenic solution in plastic containers is manufactured 
for Fujisawa SmithKline Corporation by Travenol Laboratories, Inc., Deerfield, IL 60015. 
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Fellowships 


American Board of Obstetrics and Gynecology approved fellowship training pro- 
grams in obstetrics and gynecology subspecialities: Maternal-Fetal Medicine; Re- 
productive Endocrinology; Gynecologic Oncology 






CATEGORY 
State: City 
Institution 









MATERNAL-FETAL MEDICINE 


Alabama: Birmingham 
Univ Ala 

Alabama: Mobile 
Univ So Ala 

Arizona: Tucson 
Univ Ariz Health Sci Ctr 

Arkansas: Little Rock 
Univ Ark 

California: La Jolla 
Univ Calif San Diego 

California: Loma Linda 
Loma Linda Univ 


California: Long Beach 
Univ Calif Irvine 

California: Los Angeles 
Harbor/Cedars-Sinai Med Ctrs 
King-Drew Med Ctr 
LAC/USC Med Ctr 
Univ Calif Los Angeles 

California: San Francisco 
Univ Calif San Francisco 

California: Stanford 
Stanford Univ 

Colorado: Denver 
Denver Gen Hosp 
Univ Colo 

Connecticut: Farmington 
Univ Conn 

Connecticut: New Haven 
Yale Univ 

DC: Washington 


George Washington School Med 


Georgetown Univ School Med 
Florida: Gainesville 
Univ Fla 
Florida: Miami 
Univ Miami 
Florida: Tampa 
Univ So Fla 
Georgia: Augusta 
Emory Univ 


Fellowships are listed alphabetically by state. 
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Number of approved positions 


l per year (total 2) 
I per year (total 2) 
l per year (total 2) 
l per year (total 2) 
l per year (total 2) 


l per year (total 3) 
(3 year program) 


3 per year (total 6) 
3 per year (total 6) 
l per year (total 2) 
4 per year (total 8) 
l per year (total 2) 
3 per year (total 6) 


l alt years (total 1) 


l alt years (total 1) 
2 per year (total 4) 


2 per year (total 4) 
l per year (total 2) 


I per year, alt 2 per year (total 3) 
I per year (total 2) 


l per year (total 2) 
2 per year (total 4) 
2 per year (total 4) 


l per year (total 2) 


Director of program 





Bruce A. Harris 
Micki L. Cabaniss 
Louis Weinstein 

J. Gerald Quirk, Jr. 
Robert Resnik 


Larry M. Cousins 


Thomas J. Garite 

Calvin J. Hobel 

Ezra C. Davidson, Jr. 
Richard H. Paul 

Charles R. Brinkman III 
Julian T. Parer 


Kent Ueland 


John G. McFee 
Edgar L. Makowski 


David J. Nochimson 
John C. Hobbins 


John H. Grossman III 
John T. Queenan 


Amelia C. Cruz 
Mary Jo O’Sullivan 
Robert A. Knuppel 


Luella Klein 
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CATEGORY 
State: City 
Institution 


Number of approved positions 


MATERNAL-FETAL MEDICINE—Cont’d 


Georgia: Augusta 
Med Coll Ga 
Illinois: Chicago 
Chicago Lying-In Hosp 
Northwestern Univ 
Rush/Presbyterian/St Lukes 
Univ Ill 
Illinois: Springfield 
South Ill Univ 
Indiana: Indianapolis 
Indiana Univ 
Louisiana: New Orleans 
Louisiana State Univ 
Maryland: Baltimore 
Johns Hopkins Hosp 
Univ Md 
Massachusetts: Boston 
Brigham & Womens Hosp 
Tufts Univ/St Margaret’s 
Michigan: Detroit 
Wayne State Univ/Hutzel Hosp 
Mississippi: Jackson 
Univ Miss 
Missouri: St. Louis 
Washington Univ 
New Jersey: New Brunswick 
Rutgers Med School/St. Peter’s 
New Jersey: Newark 
NJ Med School/St. Joseph's 
New Mexico: Albuquerque 
Univ New Mex 
New York: Bronx 
Albert Einstein Coll Med 
New York: Brooklyn 
SUNY/Downstate 
New York: Buffalo 
SUNY/Children’s Hosp 
New York: East Meadow 
Nassau County Med Ctr 
New York: Mineola 
Winthrop-Univ Hosp 
New York: New York 
Columbia Univ 
Mount Sinai Med Ctr 
New York Hosp/Cornell Med 
New York Univ 
New York: Rochester 
Univ Rochester 
New York: Syracuse 
SUNY/Upstate 
North Carolina: Chapel Hill 
Univ NC 


* Fellowships are listed alphabetically by state. 


l per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
l per year (total 2) 


l per year (total 2) 


l per year, alt 2 per year (total 3) 
l per year (total 2) 


l per year (total 2) 
2 per year (total 4) 


2 per year (total 4) 
2 per year (total 4) 
l| per year (total 2) 
l per year (total 2) 
l| per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
l| per year (total 2) 
l per year (total 2) 
l| per year (total 2) 
l] per year (total 2) 
l per year (total 2) 
l per year (total 2) 
l per year (total 2) 
l] per year (total 2) 


l per year (total 2) 


l per year (total 2) 


Fellowships 29A 


Director of program 


Lawrence D. DeVoe 


Atef H. Moawad 
Richard O. Depp 


Howard T. Strassner, Jr. 


Stanley A. Gall 

Kofi S. Amankwah 
Alan M. Golichowski 
Harvey A. Gabert 


Jennifer R. Niebyl 
David A. Nagey 


Fredric D. Frigoletto 
Curtis L. Cetrulo 


Frederico G. Mariona 
John C. Morrison 
Roy H. Petrie 

John T. Harrigan 
James P. Thompson 
Richard P. Perkins 
Irwin R. Merkatz 
Howard Minkoff 
William P. Dillon 
Nergesh A. Tejani 
Harold Schulman 
Harold E. Fox 
Richard L. Berkowitz 
Maurice L. Druzin 
Bruce K. Young 
James R. Woods, Jr. 


Shiraz Sunderji 


John W. Seeds 





30A Fellowships 











CATEGORY 
State: City 
Institution 





Number of approved positions 


MATERNAL-FETAL MEDICINE—Cont’'d 


North Carolina: Durham 
Duke Univ 
North Carolina: Winston-Salem 
Bowman Gray School Med 
Ohio: Cincinnati 
Univ Cincinnati 
Ohio: Cleveland 
Case Western/Cleveland Metro 
Case Western/MacDonald Hosp 
Ohio: Columbus 
Ohio State Univ 
Oklahoma: Oklahoma City 
Univ Okla 
Oklahoma: Tulsa 
Tulsa Med Coll 
Oregon: Portland 
Oregon Health Sci Univ 
Pennsylvania: Pittsburgh 
Univ Pittsburgh/Magee-Women’s 
Pennsylvania: Philadelphia 
Hosp Univ Penn 
Penn Hosp 
Temple University Hospital 
Thomas Jefferson Univ 
Rhode Island: Providence 
Brown Univ/Women’s & Infants 
South Carolina: Charleston 
Med Univ SC 
Tennessee: Nashville 
Vanderbilt Univ 
Tennessee: Memphis 
Univ Tenn 
Texas: Dallas 
Univ Texas/Southwestern Med 
Texas: Houston 
Baylor Coll Med 
Univ Texas/Houston 
Texas: San Antonio 
Univ Texas/San Antonio 
Utah: Salt Lake City 
Univ Utah 


Vermont: Burlington 
Univ Vermont 
Virginia: Norfolk 
Eastern Va Med School 
Virginia: Richmond 
Med Coll Va 
Washington: Seattle 
Univ Wash 
Washington: Tacoma 
Madigan Army Med Ctr 


Fellowships are listed alphabetically by state. 


l per year (total 2) 
l per year (total 2) 
2 per year (total 4) 


2 per year (total 4) 
l per year (total 2) 


l per year, alt 2 per year (total 3) 
l per year (total 2) 
l per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
2 per year (total 4) 
2 per year (total 4) 
l alt years (total 1) 
l per year (total 2) 
l per year (total 2) 
l per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
3 per year, alt 4 per year (total 7) 


2 per year (total 4) 
l per year (total 2) 


2 per year (total 4) 


l per year (total 3) 
(3 year program) 


l per year (total 2) 
I per year (total 2) 
l per year (total 2) 
l per year (total 2) 


l per year (total 2) 








November 1986 
Am J Obstet Gynecol 


Director of program 






Allen P. Killam 
Paul J. Meis 
Thomas P. Barden 


LeRoy J. Dierker, Jr. 
John P. O’Grady 


Richard O’Shaughnessy 
Warren M. Crosby 
Larry J. D’Angelo 

John M. Bissonnette 
Eberhard Mueller-Heubach 
Steven G. Gabbe 
Ronald J. Bolognese 
Arnold W. Cohen 
Ronald J. Wapner 
Donald R. Coustan 
Edgar O. Horger III 
Frank H. Boehm 

Baha M. Sibai 


Peggy J. Whalley 


Clark M. Hinkley 
Robert K. Creasy 


Ronald S. Gibbs 


Neil K. Kochenour 


Eleanor L. Capeless 
Donald L. Levy 
Dwight P. Cruikshank 
Thomas J. Benedetti 


John A. Read 
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CATEGORY 
State: City 
Institution 






MATERNAL-FETAL MEDICINE—Cont’d 


Wisconsin: Madison 
Univ Wis 


REPRODUCTIVE ENDOCRINOLOGY 


Alabama: Mobile 
Univ So Ala 
California: La Jolla 
Univ Calif San Diego 
California: Los Angeles 
LAC/USC Med Ctr 
UCLA School Med 
California: San Francisco 
Univ Calif San Francisco 
California: Stanford 
Stanford Univ 
California: Torrance 
Harbor/UCLA Med Ctr 
Connecticut: Farmington 
Univ Conn 
Connecticut: New Haven 
Yale Univ 
DC: Washington 
George Washington Univ 
Georgetown Univ 
Walter Reed Army Med Ctr 
Florida: Miami 
Univ Miami 
Georgia: Augusta 
Med Coll Ga 
Illinois: Chicago 
Michael Reese Hospital 
Northwestern Univ 
Rush Med Coll 
Univ Ill 
Kentucky: Louisville 
Univ Louisville 
Maryland: Baltimore 
Johns Hopkins Univ 
Univ Md 
Massachusetts: Boston 
Beth Israel Hosp 
Brigham & Women’s Hosp 
Michigan: Detroit 


Wayne State Univ/Hutzel Hosp 


Minnesota: Minneapolis 
Univ Minn 

Minnesota: Rochester 
The Mayo Clinic 

Missouri: St. Louis 
Washington Univ. 


*Fellowships are listed alphabetically by state. 


2 per year (total 4) 


l per year (total 2) 


2 per year, alt 3 per year (total 5) 


3 per year (total 6) 


l per year, alt 2 per year (total 3) 


4 per year (total 8) 
l per year (total 2) 
l per year (total 2) 
| per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
l per year (total 2) 
3 per year (total 6) 
l| per year (total 2) 
2 per year (total 4) 
2 per year (total 4) 
l] per year (total 2) 
l per year (total 2) 
2 per year (total 4) 


l| per year (total 2) 


| per year (total 2) 
l per year (total 2) 


1 per year, alt 2 per year (total 3) 


3 per year (total 6) 


| per year, alt 2 per year (total 3) 


l per year (total 2) 
l per year (total 2) 


l per year (total 2) 


Number of approved positions 


Fellowships 31A 


Director of program 


Luis B. Curet 


Sezer Aksel 
Samuel S.C. Yen 


Rogerio A. Lobo 
Howard L. Judd 


Robert B. Jaffe 
Emmet J. Lamb 
John E. Buster 
Anthony A. Luciano 
Alan H. DeCherney 
Robert J. Stillman 
Richard J. Falk 
Thomas A. Klein 
William J. LeMaire 
Paul G. McDonough 
Edward L. Marut 
Robert W. Rebar 

W. Paul Dmowski 
M. Yusoff Dawood 


Marvin A. Yussman 


John A. Rock 
Eli Y. Adashi 


Machelle M. Seibel 
Isaac Schiff 


Kamran S. Moghissi 
George E. Tagatz 
Steven J. Ory 


James C. Warren 








32A Fellowships 











CATEGORY 
State: City 
Institution 


Number of approved positions 


REPRODUCTIVE ENDOCRINOLOGY—Cont'd 


New Jersey: New Brunswick 
Rutgers Med School 
New Jersey: Newark 
New Jersey Med School 
New York: Brooklyn 
SUNY/Downstate Med Ctr 
New York: New York 
Columbia Univ 
Mt. Sinai Med Ctr 
New York Univ School Med 
North Carolina: Chapel Hill 
Univ NC 
North Carolina: Durham 
Duke Univ 
Ohio: Cleveland 
Case Western/MacDonald Hosp 
Ohio: Columbus 
Ohio State Univ 
Oregon: Portland 
Ore Health Sci Univ 
Pennsylvania: Philadelphia 
Hosp Univ Pa 
Thomas Jefferson Univ 
Pennsylvania: Pittsburgh 
Univ Pittsburgh/Magee-Women’s 
South Carolina: Charleston 
Med Univ SC 
Tennessee: Nashville 
Vanderbilt Univ 
Texas: Dallas 
Univ of Texas/Southwest Med 
Texas: Houston 
Baylor Coll Med 
Texas: San Antonio 
Univ Texas/San Antonio 
Vermont: Burlington 
Univ Vt 
Virginia: Norfolk 
East Va Med School 
Wisconsin: Madison 
Univ Wisc 
Canada: London (Ont) 
Univ West Ont 
Canada: Montreal (Que) 
McGill Univ 


GYNECOLOGIC ONCOLOGY 


Alabama: Birmingham 
Univ Ala 

California: Los Angeles 
LAC/USC Med Ctr 
UCLA School Med 


Fellowships are listed alphabetically by state. 


l per year (total 2) 
2 per year (total 4) 
l] per year (total 2) 
l per year (total 2) 
l per year (total 2) 
l per year, alt 2 per year (total 3) 
l per year (total 2) 
1 per year, alt 2 per year (total 3) 
l per year (total 2) 
l per year (total 2) 


l per year (total 2) 


2 per year (total 4) 
l per year (total 2) 


l per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
2 per year, alt 3 per year (total 5) 
2 per year (total 4) 
l per year (total 2) 
l per year (total 2) 
2 per year (total 4) 
l per year (total 2) 
l alt years (total 1) 


l per year (total 2) 


l] per year (total 2) 


2 alt years (total 2) 
1 per year, alt 2 per year (total 3) 






November 1986 
Am J Obstet Gynecol 


Director of program 





Ekkehard Kemmann 
Cecilia L. Schmidt 
Francisco I. Reyes 
Raphael Jewelewicz 
J. Victor Reyniak 
Mary G. Hammond 
Arthur F. Haney 
Paul T. Schnatz 
Moon H. Kim 
Kenneth A. Burry 


Luigi Mastroianni 
Chung H. Wu 


David Archer 

H. Oliver Williamson 
Anne C. Wentz 
Bruce R. Carr 
William E. Gibbons 
Carl J. Pauerstein 
Mark Gibson 

Zev Rosenwaks 
Snader S. Shapiro 
Robert F. Casper 


A. Brian Little 


Kenneth D. Hatch 


C. Paul Morrow 
Neville F. Hacker 
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CATEGORY 
State: City 
Institution 


GYNECOLOGIC ONCOLOGY—Cont’d 


California: Orange 
Univ Calif Irvine 
California: Stanford 
Stanford Univ 
Connecticut: New Haven 
Yale Univ 
DC: Washington 
Georgetown Univ Med Ctr 
Walter Reed Army Med Ctr 
Florida: Miami 
Univ Miami Med Ctr 
Florida: Tampa 
Univ So Fla 
Illinois: Maywood 
Loyola Univ Med Ctr 
Kentucky; Lexington 
Univ Ky Med Ctr 
Maryland: Baltimore 
Johns Hopkins Hosp 
Massachusetts: Boston 
Brigham & Women’s Hosp 
Massachusetts Gen Hosp 
Michigan: Ann Arbor 
Univ Mich Med Ctr 
Minnesota: Minneapolis 
Univ Minn 
Minnesota: Rochester 
The Mayo Clinic 
Missouri: St. Louis 
Barnes Hosp 
New York: Brooklyn 
SUNY/Downstate 
New York: Buffalo 
Roswell Park Memorial Inst 
New York: New York 
Memorial Sloan-Kettering 
Mt. Sinai Medical Center 
New York: Rochester 
Univ Rochester 
North Carolina: Chapel Hill 
Univ NC 
North Carolina: Durham 
Duke Univ Med Ctr 
Pennsylvania: Hershey 
Milton S. Hershey Med Ctr 
Pennsylvania: Philadelphia 
Hosp of Univ Pa 
Texas: Dallas 
Univ Texas/Southwest Med 
Texas: Houston 
M. D. Anderson Hosp 


Fellowships are listed alphabetically by state. 


Number of approved positions 


l per year, alt 2 per year (total 3) 


| per year (total 2) 
l alt years (total 1) 


l per year (total 2) 
| per year (total 2) 


l per year, alt 2 per year (total 3) 


| per year (total 2) 
| per year (total 2) 
| per year (total 2) 
l per year (total 2) 


l per year (total 2) 
1 per year (total 2) 


l| per year (total 2) 
l per year (total 2) 
l alt years (total 1) 
l alt years (total 1) 
l alt years (total 1) 
l per year (total 2) 


2 per year (total 4) 
l alt years (total 1) 


l alt years (total 1) 
l alt years (total 1) 
l| per year (total 2) 
l alt years (total 1) 
l per year (total 2) 
l alt years (total 1) 


3 per year (total 6) 


Fellowships 33A 


Director of program 


Philip J. DiSaia 
Samuel C. Ballon 
Peter E. Schwartz 


Gregorio Delgado 
Robert C. Park 


Hervy E. Averette 
Denis Cavanagh 

John H. Isaacs 

John R. van Nagell, Jr. 
Neil B, Rosenshein 


Robert C. Knapp 
Arlan F. Fuller 


James A. Roberts 
Leo B. Twiggs 
Karl C, Podratz 
Ming-Shian Kao 
John G. Boyce 
M. Steven Piver 


John L. Lewis, Jr. 
Carmel J. Cohen 


Jackson B. Beecham 
Wesley C. Fowler, Jr. 
William T. Creasman 
Rodrigue Mortel 
John J. Mikuta 
Samuel D. Lifshitz 


J. Taylor Wharton 
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CVCON’-35 
(norethindrone [0.4 mg] and 
ethinyl estradiol [0.035 mg}) tablets 


CYCON"-5O 


(norethindrone [1 mg] and 
ethinyl estradiol [0.05 mg}) tablets 


Indications and here Ovcon is indicated for the prevention of pregnancy. Some combination 
products containing 35 mcg. or less of ethinyl estradiol report slightly higher pregnancy rates than 
are reported for the higher dose combination products. 

Dose-related Risk of Thromboembolism from Oral Contraceptives: Two studies have shown a positive 
association between the dose of estrogens in oral contraceptives and the risk of thromboembolism. 
For this reason, it is prudent and in keeping with good principles of therapeutics to minimize 
exposure to estrogen, The oral contraceptive product prescribed for any given patient should be that 
product which contains the least amount of estrogen that is compatible with an acceptable pregnancy 
rate and patient acceptance. Itis recommended that new acceptors of oral contraceptives be started 
on preparations containing 50 mcg. or less of estrogen. 

Contraindications: Oral contraceptives should not be used in women with any of the following 
conditions: 1) Thrombophlebitis or thromboembolic disorders, 2) A past history of deep vein 
thrombophlebitis or thromboembolic disorders. 3) Cerebral vascular or coronary artery disease. 
4) Known or suspected carcinoma of the breast. 5) Known or suspected estrogen dependent 
neoplasia. 6) Undiagnosed abnormal genital bleeding. 7) Known or suspected pregnancy. 8) Benign 
or malignant liver tumor which developed during the use of oral contraceptives or other estrogen- 
containing products. 

Warnings: 


Cigarette peat’ Melahan the risk of serious cardiovascular side effects from oral 
contraceptive use. Women who use oral contraceptives should be strongly advised not to smoke. 
Use of oral contraceptives is associated with increased risk of several serious conditions, 


including thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder 
disease, hypertension. Practitioners prescribing oral contraceptives should be familiar with the 
following information relating to these risks. 





1) Thromboembolic Disorders and Other Vascular Problems. An increased risk of thromboembolic and 
thrombotic disease associated with use of oral contraceptives is well established. Three principal 
studies in Great Britain and three in the United States have demonstrated an increased risk of fatal and 
nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies 
estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. In a study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of 
Sapo aena the higher the risk of develo ng myocardial infarction, regardless of whether 
he patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a 
clear additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive 
users who do not smoke (smoking considered a major predisposing condition to myocardial 
infarction) are about twice as likely to have a fatal myocardial infarction compared to nonusers who 
do not smoke. Oral contraceptive users who smoke have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but abouia 10- to 12-fold increased risk compared to 
nonusers who do not smoke. The amount of smoking is a very important factor. British investigators 
concluded that the risk of thromboembolism including coronary thrombosis is directly related to the 
dose of estrogen used in oral contraceptives; preparations containing 100 mcg. or more of estrogen 
were associated with a higher risk of thromboembolism than those containing 50-80 mcg. of 
estrogen. The relative risk of thromboembolic disease associated with progesnn-ony oral 
contraceptives has not been determined. Cases of thromboembolic disease have been reported in 
women using progestm-ony products, and they should not be presumed to be risk-free. The overall 
excess mortality rate annually from circulatory diseases for oral contraceptive users was estimated 
to be 20 per 100,000 (ages 15-34, 5/100,000; ages 35-44, 33/100 000; ages 45-49, 140/100,000), 
the risk being concentrated in older women, in those with a long duration of use, and in cigarette 
smokers. The highest risk was found in heavy cigarette smokers (15 or more cigarettes per day) who 
used oral contraceptives and were aged 40 or older. Women who smoke should be advised not to use 
oral contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 
recommended. The mortality associated with all of the methods of birth control is low compared to 
the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40. 
The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and for myocardial infarction is further increased by hypertension, 
hypercholesterolemia, obesity, diabetes, or history of preeclamptic toxemia, and especially by 
Cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, 
cerebrovascular insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis). 
Should any of these occur or be suspected, the drug should be discontinued immediately. If feasible, 
oral contraceptives should be discontinued at least 4 weeks before surgery of a type associated with 
an increased risk of thromboembolism or prolonged immobilization. 2) Ocular Lesions. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
partial or complete loss of vision; sudden onset of proptosis or diplopia; papilledema; or retinal 
vascular lesions, and institute appropriate diagnostic and therapeutic measures. 3) Carcinoma. 
Long term administration of either natural or synthetic estrogen in certain animal species increases 
the frequency of carcinoma of the breast, cervix, vagina and liver. In humans, one study investigated 
the first 21 cases of endometrial adenocarcinoma in women on oral contraceptives reported to a 
registry. Of those women without predisposing risk factors for this disease, nearly all occurred in 
women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progestin-only oral 
contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
although one study reported an increased risk of breast cancer in subgroups of women treated using 
Oral contraceptives with documented benign breast disease. There is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with oral contraceptives. 
Close clinical surveillance of all women taking oral contraceptives is essential. In all cases of 
cel Vale persistent or recurrent abnormal vaginal bleeding, ny age diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
soe wee ifthey elect to use oral contraceptives. 4) HepaticAdenoma. Benign hepatic adenomas 

ave been found to be associated with the use of oral contraceptives. One study reported a higher risk 
associated with oral contraceptive formulations with high hormonal potency. Although benign and 
rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as long term users of oral contraceptives. Two studies 
relate the risk with duration of contraceptive use, the risk being much greater after 4 or more years of 
Oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women 
presenting abdominal pain and tenderness, abdominal mass, or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relationship of these drugs 
to this type of malignancy is not known at this time. 5) Use in Pregnancy, Birth Defects in Offspring 
and Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
women who have taken progestogens and/or estrogens during pregnancy. It has been shown that 
females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. A aga 
percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
condition is a precursor of vaginal malignancy. Male children so exposed may develop abnormalities 
of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000 live births. In the past, female 
sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are ineffective for these indications and 


6A 


there is no evidence from well-controlled studies that progestins are effective for these uses. 
Increases in chromosomal aberrations have been reported in women who become pregnant soon 
after ceasing oral contraceptive therapy. Embryos with these anomalies are virtually always 
spontaneously aborted. Whether there is an overall increase in spontaneous abortion of pregnancies 
conceived soon after stopping oral contraceptives is unknown. It is recommended that for any patient 
who has missed two consecutive periods, prognana; should be ruled out before continuing the 
contraceptive be dr If the patient has not adhered to the prescribed schedule, the possibility of 
pregnancy should be considered at the time of the first missed period and further use of oral 
contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is confirmed the 
patient should be apprised of the potential risks to the fetus and the advisability of pregnancy 
continuation should be discussed in light of these risks. It is also recommended that women who 
discontinue oral contraceptives with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months. Administration of progestin-only or progestin-estrogen combinations to induce withdrawal 
bleeding should not be used as a test for pregnancy, 6) Gall Bladder Disease. Studies have reported an 
increased risk of surgically confirmed gallbladder disease ap cane after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant poropnags of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
Observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral contraceptive users. The clinical Konpa of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women ace oral contraceptives. The prevalence of hypertension in oral 
contraceptive users may be no higher than nonusers in the first year of oral contraceptive use but 
increases with longer exposure and in the fifth year of use is two and one-half to three times the 
reported prevalence in the first year. Women who previously had hypertension during pregnancy may 
be more likely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. 
The onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent or severe, requires discontinuation of oral contraceptives and investigation of 
the cause, 10) Bleeding Irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. In breakthrough dleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed 
persistent or recurrent abnormal bleeding from the vagina, adequate ciagnosue measures are 
indicated to rule out pregnancy Or malignancy. If pathology has been excluded, time or change to 
another formulation may solve the problem. Changing to an oral contraceptive with a higher estrogen 
content, while potentially useful in minimizing menstrual ‘hoo wh should be done only if 
necessary since this may increase the risk of thromboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a 
tendency to remain anovulatory or to become amenorrheic after discontinuation of oral 
contraceptives. Women with these preexisting problems should be advised of this possibility and 
encouraged to use other contraceptive methods. 11) Ectopic Bg te Ectopic as well as 
intrauterine pregnancy may occur in contraceptive failures. However, in oral contraceptive failures, 
the ratio of ectopic to intrauterine pregnancies is higher than in women not using oral contraceptives 
since the drugs are more effective in preventing intrauterine rather than ectopic pregnancy. The 
higher ectopic-intrauterine ratio has been reported with both combination products and progestin- 
only oral contraceptives. 12) Breast (paring, A small fraction of the hormonal agents in oral 
rol ed Ae has been identified in the milk of mothers receiving these drugs. The long-range 
effect to the nursing infant cannot be determined at this time. 
Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives. Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a general rule, 
Oral contraceptives should not be prescribed for longer than 1 year without another physical 
examination being performed. 2) Under the influence of e stogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3) Patients with a histary of psychic 
depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree. 4) Because oral contraceptives may cause some degree of fluid retention, conditions which 
mightbe E by fluid retention, such as convulsive disorders, migraine syndrome, cardiac or 
renal insufficiency or asthma require careful observation. 5) Patients with a past history of jaundice 
during ‘aki giobee: have an increased risk of recurrence of jaundice while on oral contraceptive 
therapy. If jaundice develops in any patient receiving such drugs, the medication should be 
discontinued. 6) Steroid hormones may be poorly metabolized in et eal with impaired liver 
function and should be administered with caution in such beige 7) Oral contraceptive users may 
have disturbances in normal tryptophan metabolism which may resu't in a relative pyridoxine 
deficiency. The clinical significance of this is yet to be determined. 8) Serum folate levels may be 
depressed by oral contraceptive therapy. This may complicate subsequent (8 Wie with regard to 
folate deficiency. 9) The pathologist should be advised of oral contraceptive therapy when relevant 
specimens are submitted. 10) Certain endocrine and liver function tests and blood components may 
be affected by estrogen-containing oral contraceptives: a. Increased sulfooromophthalein retention. 
b. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3: increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid bind ng globulin (TBG) leading 
to increased circulating total thyroid hormone, as measured by protein-bound iodine (PBI), Ts by 
column, or Ta by radioimmunoassay. Free Ts resin uptake is decreased, reflecting the elevated 
TBG, free Ts concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 11) The active yellow tablets and the inert green tablets in Ovcon-50 (21 and 28 
day regimens) and the inert green tablets in the 28 day regimen of Ovcon-25 contain FD&C Yellow No. 
5 harfrazina} which may cause allergic-type reactions aeneo bronchial rapen in certain 
susceptible individuals. Although the overall incidence of FD&C Yellow No. 5 (tartrazine) sensitivity 
in the general population is low, it is frequently seen in patients who also have aspirin 
dba dl A: 
Information for the Patient: Detailed Patient Labeling has been prepared for use by the patient and has 
been made available for distribution by the pharmacist. 
Drug Interactions; Reduced efficacy and increased incidence of breakthrough bleecing have been 
associated with concomitant use of rifampin. A similar association nas been suggested with 
barbiturates. inf len phenytoin sodium, ampicillin and tetracycline. 
Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings): Thrombophlebitis, pulmonary embolism, 
coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, gall bladder 
disease, congenital anomalies. There is evidence of an association between the following conditions 
and the use of oral contraceptives, although additional confirmatory studies are needed: Mesenteric 
thrombosis; benign hepatomas; neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and are 
believed to be drug related: Nausea and/or vomiting, usually the most common adverse reactions, 
occur in pd a 10% or less of patients during the first cycle (other reactions, as a general, 
rule, are seen much less ese or only occasionally); gastrointestinal symptoms (such as 
abdominal cramps and bloating); breakthrough bleeding; spatny, change in menstrual flow; 
dysmenorrhea; amenorrhea during and after treatment; temporary infertility after discontinuance of 
treatment; edema; chloasma or melasma which may persist; breast changes (tenderness, 
enlargement, and secretion); change in weight (increase or decrease); change in cervical erosion and 
cervical secretion; possible diminution in lactation when given immediately postpartum; cholestatic 
jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; changes in corneal curvature (steepening), 
intolerance to contact lenses. The following adverse reactions have been reported in users of oral 
contraceptives, and the association has been neither confirmed nor refuted: Premenstrual-like 
syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema 
nodosum, hemorrhagic ee: vaginitis, porphyria. 
Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large doses 
of oral contraceptives by young children. Overdosage may cause nausea, and withdrawal sarn 
may occur in females. 0 
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Premenstrual syndrome: A time for introspection 
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Kingston, Ontario, Canada 


Premenstrual syndrome has emerged as an important reproductive health care issue amid heated debate 
about whether such a condition, in fact, exists. Polarization of opinion on this issue has been the result of 
imprecision in the definition of premenstrual syndrome, leading to inappropriate generalization of the 
disruptive physical, emotional, or behavioral changes of premenstrual syndrome to the entire female 
population. A shortage of reliable scientific information on premenstrual syndrome has led to inconsistent, 
and often ineffective, medical intervention by a sometimes skeptical medical profession. Examination of 
individual biases and the external factors that have influenced our thinking on this issue may allow us to 
more clearly define our role as a specialty in the ongoing investigations and management of menstrual 


cycle—related illnesses. (AM J OBSTET GYNECOL 1986;155:921-6.) 


Key words: Premenstrual changes, premenstrual syndrome, physicians’ attitudes 


In its highest form medical controversy provides the energy for enquiry and progress. When controversy 
descends from the intellectual to the emotional plane participants become more the advocates of belief 


than the seekers of truth. 


A recent editorial in the Lancet, entitled “Premenstrual 
Uncertainties,” asserted that, “More than fifty years af- 
ter the first systematic description of premenstrual 
changes in female behavior, psychological wellbeing, 
and physical state, there is still no clear understanding 
of what causes the ‘premenstrual syndrome’ or even 
universal agreement that it exists.” Surely the funda- 
mental truth of this observation must stand as an em- 
barrassment to, if not a denunciation of, a medical 
profession that has, through measures of ignorance, 
indifference, or intimidation, failed to address the con- 
cerns of untold numbers of menstruating women who 
perceive that these premenstrual changes are a very 
real phenomenon with the potential to have a devas- 
tating impact on both their personal and professional 
lives. Increased public awareness about premenstrual 
syndrome and a growing sense of personal responsi- 
bility for wellness among health care consumers are 
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bringing unprecedented numbers of women to our of- 
fices in search of solutions for adverse premenstrual 
experiences, which, a mere decade ago, were accepted 
as an inevitable part of being female. Whether we per- 
sonally view premenstrual syndrome as fad, fact, or 
fallacy, it is timely for each of us to reexamine not only 
our own attitudes and biases but also the external in- 
fluences that may have directed our thinking on this 
issue. 

In so doing, it is important first to establish some 
common ground—statements that are likely to be ac- 
cepted with greater or lesser degrees of enthusiasm by 
most parties to the premenstrual syndrome debate. By 
expanding on the concepts inherent in each of these 
statements, I will attempt to establish a direction for 
the continuing study of menstrual cycle—related illness 
and to highlight the important role of our specialty in 
this process. 


Cyclic physical and emotional changes occur with such fre- 
quency in relation to the menstrual cycle that they must be 
considered a normal event in the lives of most women of re- 
productive age. 


Great confusion has surrounded the use of the word 
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normal to describe mood and behavioral changes pre- 
ceding menstruation. We must remember that in this 
context normal is used in a statistical sense and refers 
to the common occurrence of a phenomenon. For ex- 
ample, it is normal for adolescents to suffer from dys- 
menorrhea. Accordingly, the use of the word normal, 
in this sense, should not carry the connotation that 
physical or psychological pain associated with such 
events must be tolerated just because it is experienced 
by a majority of women. Unfortunately certain indi- 
viduals have regarded the inability of some women to 
cope with “normal” events as a failure by those women 
to put “mind over matter,” apparently the result of an 
intrinsic personality defect or a deep-seated psycholog- 
ical conflict. 


For the majority of women, physical and emotional changes 
associated with the menstrual cycle are minor and are well 
tolerated. Many women perceive these biphasic changes as an 
essential part of their femininity and look forward to the pos- 
itive phase of the cycle as a time of exuberance, extroversion, 
and increased creative energy. 


Perhaps the single greatest impediment to the ratio- 
nal investigation and treatment of women with severe 
troublesome premenstrual changes has been the failure 
to develop a clear operational definition of the disorder 
under investigation. While most clinicians favor a bio- 
chemical test or a clinical triad to assist with diagnosis 
of an illness, no such simple measure presently exists 
for premenstrual syndrome. The natural history of 
premenstrual syndrome is presently unknown. The 
very fact that premenstrual syndrome may represent 
the severe end of the spectrum of normal premenstrual 
changes and that there is presently no clear demarca- 
tion of the point on the spectrum where premenstrual 
syndrome begins creates the unfortunate situation 
where many healthy women have found themselves 
pejoratively categorized as suffering from a condition 
that may have significant implications regarding their 
health and functioning in society. 

For some members of the feminist movement whose 
efforts have contributed to the unparalleled entry of 
women into the work force and the long overdue rec- 
ognition of women’s capabilities and achievements in 
areas of responsibility ranging from government to 
space exploration, this fear that behavioral lapses of 
premenstrual syndrome sufferers may be generalized 
to the entire female population has been sufficient mo- 
tivation to deny that such a disorder exists. It is clear 
that if a distinction is not made between premenstrual 
changes and premenstrual syndrome then we will do 
a grave disservice to the majority of women in whom 
such changes are minor and nonobtrusive. Confusion 
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about this issue persists because of the continuing fail- 
ure of supposed authorities in the field to make such 
a distinction and because of the recent marketing ef- 
forts of drug manufacturers, which have targeted 
women with minor physical symptoms for the use of 
“over the counter” premenstrual syndrome remedies. 
While symptoms such as acne, craving for sweets, bloat- 
ing, constipation, and breast tenderness are common 
premenstrual occurrences, they are rarely severe or 
disruptive to life-style. The most common complaints 
of women reporting severe cyclic life-style disruption, 
in my experience, include the fear of “loss of control,” 
depression (at times reaching suicidal proportions), ir- 
ritability with verbal or physical aggression, anxiety, 
tension, insomnia, and migraine headaches. 

The mere perception that symptoms are severe 
enough to disrupt life-style is not sufficient evidence to 
warrant the designation of premenstrual syndrome un- 
less these symptoms satisfy fairly stringent criteria for 
timing in relation to menstruation. Different patterns 
of symptoms have been described (Fig. 1), which have 
in common the appearance and worsening of symp- 
toms before menstruation (sometimes with a burst of 
symptoms at ovulation) and the resolution of symptoms 
at a variable rate after onset of menstruation.’ Only by 
reviewing a prospective record of symptomatology can the cli- 
nician have confidence in the diagnosis of premenstrual syn- 
drome. Omission of this simple diagnostic step has un- 
doubtedly contributed to the frustration and skepticism 
felt by many clinicians who, failing to screen out women 
with chronic depression or behavioral disorders, have 
seen their best efforts to help women with apparent 
premenstrual syndrome end in failure. 


Clearly defined disease ... is the physician’s preference 
and is generally assured the best treatment. Anything else 
runs a serious risk of inappropriate labelling, misun- 
derstanding, inadequate treatment, and rejection of the 
patient.’ 


Lipsett,* in the text The Painful Woman: Complaints, 
Symptoms, and Illness, has aptly described the hazards 
that face the patient who presents to a physician with 
an unusual problem. It seems a simple fact of human 
nature that we prefer to ignore problems that we do 
not understand. As a result, the woman afflicted with 
premenstrual syndrome not only must suffer from in- 
sight into the devastating consequences of her condi- 
tion on family and career but also must face the frus- 
tration of dealing with health care professionals who 
often appear indifferent to her plight. To understand 
how a specialty devoted to women’s health care could 
have ignored this problem for so long one needs only 
to examine traditional obstetric-gynecologic training 
programs with their emphasis on swift decisions and 
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Fig. 1. Schematic diagram showing variability in the onset and duration of premenstrual symptoms. 
Most patients experience pattern A or B. (Reproduced by permission from Reid RL, Yen SSC. 
Premenstrual syndrome. Clin Obstet Gynecol 1983;26:710.) 


surgical solutions and current patterns of practice that 
seldom afford specialists the luxury of unlimited time 
to reflect on the vagaries of unusual problems. 

Until recently there has been virtually no information 
about cyclic physical, psychological, and behavioral 
changes that may occur in relation to the menstrual 
cycle in standard obstetric and gynecologic texts and 
only passing reference to these phenomena in under- 
graduate and postgraduate teaching programs. Even 
now this condition, which may ultimately prove to take 
a far greater toll than many other common gynecologic 
concerns, rarely rates more than a single page of text 
that dwells more on uncertainties than on answers. Pre- 
menstrual syndrome has seldom appeared as a topic in 
continuing medical education programs until the past 
five years. The result has been a generation of gyne- 
cologists with little basic information and even less in 
the way of available reference material to help them 
understand and deal with premenstrual syndrome. 

Frontline physicians caught up in busy clinical prac- 
tices and lacking the time, expertise, or financial re- 
sources to conduct effective clinical research programs 
of their own are often at a loss to provide concise, 
reliable information or established therapies to their 
patients. Uncertainty about the precise definition and 
the lack of a clear biochemical test for premenstrual 
syndrome have further confounded the efforts of con- 
scientious physicians who are often presented with a 
confusing array of psychiatric, social, and behavioral 
disorders under the guise of premenstrual syndrome. 
The anecdotal and contradictory nature of the litera- 
ture emanating from such a setting has kindled new 


doubts within the scientific community about the valid- 
ity of premenstrual syndrome as a clinical entity. The 
many unresolved issues about this disorder, the daily 
addition of some new “sure cure” to an already long 
list of unfounded remedies, and the image of special- 
ized premenstrual syndrome clinics popping up like 
fast food stores across the country to take advantage of 
guileless sufferers have created a growing wave of skep- 
ticism within our profession.’ 

The few clinician scientists with the interest and 
wherewithal to make a concerted effort to address 
many of the unresolved issues about premenstrual syn- 
drome are faced, on one hand, with the concern that 
their peers will not accord their research proposals suf- 
ficient priority to ensure funding at times of govern- 
ment cutbacks and, on the other hand, with the fear 
that editors of first-rate scientific journals may ulti- 
mately refuse to publish the results of research on pre- 
menstrual syndrome for fear that this quasiscientific 
“quality of life” issue might not conform to the rigid 
scientific standards expected by their readership. The 
shortage of reliable, reassuring information about the 
occurrence, pathophysiology, and significance of men- 
strual cycle—related physical, psychological and behav- 
ioral changes has left physicians and ultimately the lay 
public poorly equipped to deal with premenstrual syn- 
drome in a preventative sense. Busy practices demand 
that histories be kept short and restricted to the pre- 
senting problem so that women experiencing trouble- 
some or unusual premenstrual changes may not have 
the opportunity to voice their concerns. A senior col- 
league of mine, with a busy surgical practice, jokingly 
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reminds his medical students about the “10-minute 
rule” of history taking in gynecology. Not surprisingly, 
he rarely sees premenstrual syndrome in his practice 
and attributes the occasional case to “shack fever” 
brought on by years of confinement in the home with 
noisy children. This pattern of practice all too often 
results in the discovery of the problem only after the 
patient’s symptoms or their effects on her life have 
reached crisis proportions. 

Most gynecologists feel uncomfortable in such a set- 
ting and react poorly to the patients’ needs. For ex- 
ample, when a gynecologist is confronted by a patient 
who relates a history of severe cyclic depression in re- 
lation to menstruation in the middle of a busy clinic, 
options for intervention may seem very limited. The 
gynecologist may: (1) ignore the problem and refocus 
the discussion on the area of primary referral with 
which he/she feels comfortable (dysmenorrhea, men- 
orrhagia, etc.); (2) prescribe a diuretic on the basis of 
the patient’s mistaken perception that she retains fluid 
or some vague recollection about treatment from med- 
ical school days; or (3) out of frustration and perhaps 
fear of litigation if the interdisciplinary boundary that 
separates gynecology from psychiatry is transgressed 
choose to refer the patient to a psychiatric colleague. 

Traditionally none of these approaches has been very 
successful. The first and second options generally result 
in a dissatisfied patient who wanders from physician to 
physician in search of help. The third option merely 
reinforces the woman’s fear that she may be “going 
crazy” and, unless the psychiatrist is “tuned in” to men- 
strual cycle—related illness, may result in a long series 
of unsuccessful psychiatric interventions at times with 
inappropriate labeling of the patient as a manic de- 
pressive. In view of the frequent reports of suicidal 
thoughts in severely afflicted women and reports of 
increased premenstrual suicide rates, it is not surprising 
that many gynecologists feel intimidated with the re- 
sponsibility of ongoing care for such an individual. Nev- 
ertheless, careful ongoing attention to the important 
role of ovarian steroid secretion in the genesis of this 
disorder, compassionate counseling, and judicious use 
of interventions by the gynecologist with or without 
psychiatric consultation may ultimately be in the best 
interest of the patient. 


Premenstrual syndrome is a feminist issue. 


Inevitably any discussion about women’s health will 
gradually center on the impact of the particular prob- 
lem on her as a career woman and mother. Male chau- 
vinists regrettably have used the issue of premenstrual 
syndrome to support the “raging hormone” hypothesis 
as an explanation for many of society’s ills and, in so 
doing, have reinforced a negative stereotype that is an 
affront to the dignity of all women. On the other side 
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of the argument there are many (often successful career 
women or outspoken feminists) who believe that pre- 
menstrual syndrome is a hoax—a product of male 
imagination that plays on the vulnerability of some 
women who seek an excuse for their failure to succeed. 
Judgmental positions, adopted by other special interest 
groups with admittedly little or no exposure to afflicted 
women in a clinical setting, have served to intensify this 
dichotomy by castigating concerned physicians for 
medicalizing a “normal” phenomenon and vilifying 
those who seek help for causing irreparable damage to 
the cause of achieving male-female equality.? At the 
other extreme has emerged a number of feminist 
groups that have become disgruntled by the collective 
failure of our profession, over the past 50 years, to 
direct sufficient energy and resources toward the un- 
derstanding and treatment of premenstrual syndrome. 
Formation of groups, such as PMS Action Incorpo- 
rated,* indicates the sense of urgency that these groups 
would impart to the problem of premenstrual syn- 
drome. 

The lay press, always on the heels of controversy, 
have been quick to recognize the interest in premen- 
strual syndrome generated by these divergent view- 
points about etiology and impact. Patients have been 
inundated at newsstands and checkout counters with 
reports about every conceivable cause and cure for pre- 
menstrual syndrome together with conflicting accounts 
of the societal impact of this disorder. With so much 
fuel being added to the premenstrual syndrome con- 
troversy it is hardly surprising that most traditionally 
conservative obstetrician-gynecologists would prefer to 
adopt a “wait and see” attitude before delving into the 
area of premenstrual syndrome research or treatment. 
Intimidation then has taken the form of fear of ridicule 
by skeptical colleagues, fear of medical-legal liability for 
treating a disorder that might traditionally appear to 
fall within the purview of psychiatry, and, finally, fear 
of provoking a hostile reaction from one of the many 
groups who have taken up positions, on one side or the 
other, of the premenstrual syndrome controversy. Each 
of these concerns, however, can and should be over- 
come. If premenstrual syndrome can have the devas- 
tating impact on family and career that afflicted women 
would have us believe, it is imperative that we give 
greater attention to this problem. Those who are for- 
tunate enough not to live with this monthly burden 
should consider the parallels to dysmenorrhea, which, 
as recently as the early 1970s, was also claimed by many 
writers to be purely a psychosomatic disorder. Lenane 
and Lenane® argued persuasively that perpetuation of 
this belief was, in fact, a form of sexual prejudice that, 
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by delaying investigation into the cause and cure of 
dysmenorrhea, was actually perpetuating a treatable 
disorder that was “indisputable proof” of male-female 
inequality. When prostaglandins were subsequently im- 
plicated in the pathophysiology of dysmenorrhea and 
dramatic relief for millions of women was afforded by 
the use of prostaglandin synthetase inhibitors, even the 
most skeptical observers were forced to reconsider the 
role of psychogenic factors in dysmenorrhea. 

One need only consider how many more women 
might enjoy a happy family life or excel in a career if 
effective interventions could be found for premen- 
strual syndrome. In this context premenstrual syn- 
drome may indeed, like dysmenorrhea, be an emi- 
nently treatable cause of male-female inequality. Al- 
though a minority of women are affected to such a 
severe degree it is tragic that often they are the only 
ones who appreciate the inherent truth of this consid- 
eration. 


Since obstetrician-gynecologists claim primary responsibility 
for reproductive health care of women we must assume re- 
sponsibility for educating ourselves and others about this con- 
dition while keeping in mind the complexity of the social issues 
surrounding the entire area. 


Within our specialty there have been a few well-in- 
tentioned and highly motivated individuals who have 
tried their best to help women suffering from pre- 
menstrual syndrome through the development of pre- 
menstrual syndrome clinics. Perhaps the greatest fault 
with many of these clinics, which has raised skeptical 
eyebrows within our specialty, has been their failure to 
admit to themselves, and to their patients, the many 
significant gaps in our understanding of this disorder. 
Those individuals claiming to know the cause or to 
possess the singular cure for premenstrual syndrome 
are unwittingly doing a grave disservice to their patients 
and to our specialty in general. The many legitimate 
groups who are doing their best to offer relief to this 
often neglected group of women are to be applauded 
and we must not be overly critical with what we may 
perceive to be less than scientific application of the best 
available treatments. It is not unreasonable, however, 
to expect intellectual honesty, accountability, and an 
open mind in the assessment of new scientific devel- 
opments in this area. The present dearth of unbiased 
professional and lay literature on premenstrual syn- 
drome based on a careful review of the scientific facts, 
is inexcusable. As a result the public and, at times, the 
profession have had to turn to the lay press for infor- 
mation about premenstrual syndrome. Regrettably the 
lay press in many instances perceive that their respon- 
sibility is to inform rather than to educate. All too often 
they have been insensitive to the adverse impact of 
sensational articles that are based more on conjecture 
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than on scientific fact. At the very minimum we should 
hope that this group will turn to our profession to help 
them to identify to their readership the reliability of 
their information source and whether such information 
represents hypothesis or fact. 

Our responsibility to educate about premenstrual 
syndrome does not end there. Recently, with increased 
attention to the potential societal impact of premen- 
strual syndrome, there has been unprecedented inter- 
est in premenstrual syndrome in the courts. The legal 
profession, perceiving it to be their responsibility to 
defend their client by whatever means available, have 
introduced premenstrual syndrome as a defense in sit- 
uations ranging from divorce settlements and child cus- 
tody cases to criminal activities ranging from shoplift- 
ing to assault and homicide. Our profession must take 
the lead in pointing out to the legal community that by 
prematurely introducing premenstrual syndrome as a 
consideration in the determination of legal responsi- 
bility of women they may have created a backlash 
against premenstrual syndrome sufferers by generat- 
ing fears that, in the absence of a biochemical test for 
premenstrual syndrome, gender alone might contrib- 
ute sufficient reason to argue diminished capacity. The 
use of this defense before the condition has even es- 
tablished a solid foundation in the realm of science has 
only further polarized opinion on this issue. Ultimately 
this is likely to hinder the rational formulation of the 
true impact, if any, of premenstrual syndrome on anti- 
social or criminal behavior. 

What direction must be taken in the next decade to 
redress our oversights and shortcomings of the past 50 
years? As a starting point we must be prepared to ac- 
knowledge the devastating impact that menstrual cy- 
cle—related illness has had on a small percentage of 
women. A slightly larger group of women report their 
symptoms to be distressing although not disruptive of 
their life-style. Clinicians dealing with women who 
claim to have cyclic premenstrual symptomatology must 
heed the exhortations of many psychologists that we 
be exacting in our evaluation of these women, cognizant 
of the impact of attitudes and expectations on actual 
experiences, sensitive to the importance of coexisting 
life stresses, and cautious in the attribution of symptoms 
to biochemical changes that could then potentially be 
extrapolated to the entire female population. Psychol- 
ogists, on the other hand, must cross into the camp of 
the clinician and come face to face with women who 
experience these dramatic time-limited changes in 
mood and behavior in order to appreciate that, for 
some women at least, menstrual cycle—related illness is 
a very real phenomenon. There must be a renewed 
interest by clinician scientists within our specialty in the 
study and definition of the normal menstrual cycle and 
its variants as a foundation for a study of menstrual 
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cycle—related illness. On the basis of this knowledge and 
critical review of the many studies pertaining to pre- 
menstrual syndrome, we must begin the process of ed- 
ucating ourselves, our students, allied health profes- 
sions, and the lay public. In this area particularly, it will 
be as important to identify the many remaining ques- 
tions as to ascertain what answers are available. Those 
with major research interests in this area would be wise 
to enlist the help of others with expertise in related 
disciplines such as psychology, psychiatry, and internal 
medicine. Such an interdisciplinary approach would 
provide the necessary perspective and experience to 
deal with a condition that crosses interdisciplinary 
boundaries. Rigorous scientific methodology is essential 
if the clinician scientist is to gain the respect of his 
colleagues and thereby accord the whole issue of men- 
strual cycle—related illness a fair trial in the scientific 
forum. The front-line physician dealing with premen- 
strual syndrome sufferers will continue to use the best 
available treatments in his/her efforts to help these pa- 
tients. Above all these individuals who have the greatest 
contact with the public and lay press must remain in- 
tellectually honest with an open mind for new infor- 
mation and avoid the pitfalls of mass marketing of 
unestablished remedies. Finally we must resist the use 
of premenstrual syndrome as a tool, working either for 
or against women in the courts, until there is clear 
understanding in the scientific forum about the epi- 
demiology, pathophysiology, and impact of this disor- 
der. Hopefully, with the development of effective di- 
agnostic and therapeutic strategies, this will become a 
nonissue. 

Already some of these changes are beginning to 
emerge. Certainly a turning point has been reached 
with the first-ever publications by the American College 
of Obstetricians and Gynecologists of a Patient Edu- 
cation Pamphlet’ and a Committee Statement on pre- 
menstrual syndrome.’ In the past year one could hardly 
find a continuing medical education program in our 
specialty without a talk on premenstrual syndrome and 
this surely reflects the sense of urgency now accorded 
the issue by gynecologists who find the need to answer 
questions and provide solutions to an ever more vocal 
patient population. This awareness must be brought 
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into our core training programs and our residents 
taught to listen to and elicit such concerns from their 
patients on a routine basis. Certainly the process of 
educating our patients should begin long before the 
situation has built to crisis proportions. Last, it appears 
that a broad interdisciplinary interest in premenstrual 
syndrome is developing. An international conference 
bringing together sociologists, psychologists, psychia- 
trists, behavioral geneticists, neuropharmacologists, 
philosophers, bioethicists, forensic psychiatrists, crim- 
inologists, and attorneys was convened in Philadelphia 
for a one-week workshop in 1984, the proceedings of 
which are soon to be published.” The presentations and 
the heated debate surrounding them highlighted the 
importance of a broad input from different interest 
groups in developing a consensus on such an important 
issue. 

Hopefully the recent awareness within our specialty 
of the problem of menstrual cycle—related illness and 
its surrounding controversies indicates a trend that in 
the next decade will see obstetricians-gynecologists pro- 
vide both the direction and the leadership necessary to 
resolve this long-standing women’s health problem. 
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The pathologist’s view 


In obstetric malpractice litigation, there are two main bases of defense: the clinical basis and the 
pathogenesis basis. The malpractice suit in most cases involves an infant delivered at term that later 
develops cerebral palsy. Despite the fact that much information has been elucidated about the 
pathogenesis of cerebral palsy, the defense is often jeopardized by an inadequate presentation of relevant 
causal mechanisms, pathogenesis. Studies in recent years with correlated clinical and pathologic 
investigations have provided evidence that the occurrence of cerebral palsy is a time marker, reflecting 
cerebral damage incurred during the premature period, and does not result from the events of labor and 
delivery at term. There is broad need generally and in legal situations for clinicians and pathologists to 
become knowledgeable in comprehensively correlating obstetric factors with fetal-neonatal systemic 
pathologic conditions and with neuropathologic effects. (Am J OpsteT GYNECOL 1986;155:927-35.) 


Key words: Obstetric malpractice suits, malpractice litigation, cerebral palsy, pathogenesis 


In obstetric malpractice litigation the need has been 
expressed by obstetricians and attorneys for more ad- 
equate application of basic science and for a more com- 
prehensive consideration of underlying pathologic ges- 
tational processes that lead to cerebral and other vis- 
ceral damage in the fetus and newborn infant. 

Most obstetric malpractice suits follow the same sce- 
nario in their development. Most cases involve an in- 
fant, a child, with cerebral palsy. Plaintiff lawyers par- 
ticularly seek cases of cerebral palsy because the dis- 
ability is visible and distressing. The plaintiff lawyer 
goes through the medical record with an experienced 
eye, noting supposed faults in the care and manage- 
ment of the case; these findings, referred to in vague, 
nonspecific terms, form the basis of the court com- 
plaint, with both the obstetrician and the hospital usu- 
ally charged. In most obstetric malpractice actions, 
three major segments come under consideration: the 
clinical management, the newborn infant’s condition, 
and the chronic cerebral disability that followed. If the 
case goes to trial, early on the jury is presented with 
physical evidence, an infant with cerebral palsy, a crip- 
pled pitiful infant, brought in, carried into the court- 
room by the mother, or presented on videotape. 

A pathologist participating as a consultant in a mal- 
practice suit has an inside view of the legal processes, 
an objective view not readily available to the defense 
attorney or to the defendant. It becomes clear that the 
defense is often compromised, not by what the obste- 
trician did in the management of the case but by what 
he does and says in testimony years later and by tan- 
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gential issues that are injected into the case by the plain- 
uff attorney. 

In obstetric malpractice suits there are two main bases 
of litigation, the clinical basis and the pathogenesis 
basis. 

In the clinical approach, the plaintiff attorney brings 
forward expert obstetric witnesses to show that the care 
and management in the case were defective; the de- 
fense attorney correspondingly brings forth expert wit- 
nesses to show that management in the case was ap- 
propriate. 

The pathogenesis basis in litigation is concerned with 
intrinsic biologic causal mechanisms, pathologic pro- 
cesses during pregnancy and delivery and during the 
postnatal period, processes affecting the fetus and new- 
born adversely, causing brain damage. This is the prov- 
ince of the pathologist, as a consultant and as an expert 
witness, to present authoritative information concerned 
with causal mechanisms. The discipline of pathology as 
applied here is based on a consideration of the clinical 
manifestations in a case and correlation of this infor- 
mation with structural changes observed in the autopsy 
examination of the body organs. Clinicians do not have 
the opportunity to gain this experience, this knowledge. 

The assessment of pathogenesis in a given case must 
take into account the factors of obstetric management 
affecting the course of the pregnancy and the delivery. 
In this direction, the pathogenesis approach may be 
applied by the plaintiff attorney when it can be shown, 
validly, that pathologic processes ensued as a conse- 
quence of the obstetric care and management and were 
directly contributory to the manifest damage in the 
infant. 

For the defense, the pathogenesis approach is ap- 
plicable when it can be shown that the cause of the 
manifest brain damage in the newborn infant was due 
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to pathologic processes unrelated to the care and man- 
agement given in the case. While it is the responsibility 
of the defense to rebut the fault claims made against 
the doctor by the plaintiff, it is not the burden of the 
defense necessarily to define the actual causal mecha- 
nism underlying the manifest brain damage. Never- 
theless, if the defense shows with reasonable medical 
probability that the brain damage was caused by a latent 
pathologic process during gestation or by other factors 
unrelated to the treatment given, then the culpability 
of the defendant is negated. It is the function of the 
pathologist to define pathogenesis, to provide this type 
of defense, dealing with the effects of pregnancy com- 
plications on the fetus, pathologic processes that lead 
to fetal-neonatal compromise, to brain damage in the 
newborn infant, and to chronic sequelae in survivors. 

The records of cases coming to trial often lack a 
current neurological assessment of the nervous system 
disability—a serious drawback in defining the patho- 
genesis. The attorney and obstetrician concerned with 
the case usually, naturally, center their attention on the 
clinical processes of the pregnancy, the delivery, and 
the newborn infant’s condition. Overlooked is the im- 
portance of an accurate assessment of the neurological 
disability that forms the basis of the suit. In order to 
analyze pathogenesis, the pathologist must know the 
clinical pattern of the neurological disability. The pat- 
tern of disability indicates what part of the brain is 
damaged. Knowing where the damage is located gives 
a clue as to the time of the damage, information in- 
dicating at what period during fetal or neonatal life the 
brain damage was incurred. 

The analysis of causal mechanisms is often compro- 
mised by inadequate clinical records in the case. In 
many instances, especially in cases dealing with delivery 
years before, the obstetric records are scanty. At trial, 
when the prenatal office records are incomplete, when 
the admission note is missing, when the delivery record 
has unfilled spaces, when there is no discharge sum- 
mary, the defense attorney has a serious problem and 
much is made of this laxness by the plainuff attorney. 

The time-lapse factor—when cases are brought to 
trial two to four or eight years after the delivery, when 
personal recollection of the case has faded, records are 
difficult to obtain, and witnesses are difficult to locate— 
is an obvious handicap to the defense. 

The legal counsel in a malpractice suit, the attorneys 
for the doctor and the insurance company, is usually 
trivalent. 

First the defendant doctor is well advised to have 
ongoing tangential consultation with his own personal 
lawyer, the one he has had dealings with in the past in 
other legal matters. 

Second, the insurance company will appoint a lawyer 
to compose a defense for the doctor. Whether the case 
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comes from a small town or a large city, the appointed 
lawyer usually is a local law practitioner. In a small town 
with a community hospital, the accused doctor is eften 
represented by a local lawyer who, although generally 
adequate professionally, may be a novice in obstetric 
malpractice litigation and, very often, this is the first 
obstetric malpractice case for him. He starts out know- 
ing little about obstetrics and, more or less, will have 
to “become educated.” This situation, the inexperience 
of defense lawyers, is gradually improving as, by force 
of circumstance, defense lawyers are becoming more 
seasoned. 

The third member of the defense legal organization 
is the legal monitor from the insurance company. The 
monitor attorney is a full-time staff member of the 
insurance company who from time to time reviews the 
status of cases under litigation. Monitor attorneys may 
give suggestions but usually are not involved in the 
detailed planning of the defense position, in the selec- 
tion of expert witnesses, or in the taking of depositions. 
The monitor attorney thus may know more or less 
about the defense strategy and is oriented essentially 
in the clinical type of defense, less in the pathology 
defense approach. At times the monitor becomes ap- 
prehensive during the plaintiff’s presentation and, not 
knowing all the details of the defense plan and not 
aware of the available rebuttal, on his own makes a 
settlement precipitately, midtrial, to the surprise of the 
case defense lawyer and the distress of the defendent 
doctor. (Insurance companies, under the terms of most 
policies, have the option to settle up to the limits of the 
policy coverage, without the permission of the insured.) 
The insurance company, reflecting the pragmatics of 
the situation, cites the impressionability and unpre- 
dictability of a jury and considers that a settlement for 
a million and a half dollars is better than the risk of a 
verdict for six million dollars. 

Plaintiff attorneys, in contrast to the defense attor- 
ney, who often is a practitioner with little or no expe- 
rience in obstetric malpractice cases, are specifically ex- 
perienced, as a rule, in this type of litigation. If the case 
is heard in a rural area, plaintiff attorneys often are 
brought from the city and, in the present day, these 
are specialists who mainly handle obstetric malpractice 
suits, one case after another. After years of this they 
become well educated in the theory and practice of 
obstetrics. 

Because cerebral palsy is central to most cases of ob- 
stetric malpractice suits, the pathogenesis of cerebral 
palsy will be dealt with here in some detail. 

The pathogenesis of cerebral palsy, in the form of 
spastic quadriplegia and athetosis, has been the subject 
of much basic research. Cerebral palsy is a dyskinesia, 
not a paralysis but a derangement of motor function, 
due to damage to basal ganglia (the extrapyramidal 
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Fig. 1. Eight-year-old girl with spastic cerebral palsy, mental retardation, and epilepsy. Frontal section 
of brain showing pattern of damage characteristic of spastic cerebral palsy. Main damage in deep 
cerebral structures; cystic necrosis and scarring in the basal ganglia; loss of periventricular white 
matter with resulting ventricular enlargement, ex vacuo hydrocephalus. In some parts (temporal 
lobe on the right), damage extends to the cerebral surface structures, with atrophy of convolutions 


and cortical scarring. 


system). Neuroanatomists and neurophysiologists have 
shown that the basal ganglia, large collections of nerve 
cells in the deep part of the cerebrum, are concerned 
with disorders of muscle tone, with defects in fine motor 
control, and with hypotonia, hypertonia, and athetosis.' 
Dyskinesias are not caused by damage to the cerebral 
cortex; cortical damage is a cause of mental retardation, 
epilepsy, and psychopathy but does not cause cerebral 
palsy. 

In the German school of neuropathology, the Vogts,’ 
in 1920, first defined the relationship of basal ganglia 
disease, status marmoratus, and the occurrence of spas- 
tic cerebral palsy and athetosis. Benda,’ in 1952, pub- 
lished neuropathologic studies of a large series of cases 
of spastic athetoid cerebral palsy. In these cases, in the 
brain, the primary focus of damage consistently ap- 
peared as chronic scars and cavitations in the basal gan- 
glia and surrounding cerebral white matter. The re- 
lationship of deep cerebral damage, damage to the ba- 
sal ganglia, and the occurrence of cerebral palsy has 
also been reported by Hallervorden and Meyer,’ Tow- 
bin,” Malamud et al., and others. Fig. 1 shows the basic 
pattern, the characteristic chronic lesions found in ce- 
rebral palsy—scarring and cavitation in the basal gan- 
glia and the loss of periventricular tissue with resulting 
enlargement of the lateral ventricles, ex vacuo hydro- 
cephalus. Elements of this pattern of damage are now 
visible in present-day clinical studies of cerebral palsy 
by computerized axial tomographic scan; there is evi- 
dence of deep cerebral damage and loss of periven- 
tricular tissue with resulting ex vacuo hydrocephalus. 


In some cases of cerebral palsy, the cerebral damage, 
involving mainly the deep structures, extends with 
lesser severity through the cerebral wall to the cortex; 
these cases, in addition to cerebral palsy, usually have 
a history of cortical manifestations, varying degrees of 
mental retardation, and at times epilepsy and other 
cerebral disabilities (Fig. 1). 

The early neuropathologic studies of childhood and 
adult cases of cerebral palsy yielded equivocal infor- 
mation about cause. Prematurity was recognized as a 
causal factor (even by Shakespeare in Richard IHI). Clin- 
ically, cerebral palsy is known as the “disease of pre- 
maturity.” 

It was realized that basic information about patho- 
genesis, about causal mechanisms, could be obtained 
only at its origin, by pathology studies of fetal-neonatal 
acute cerebral damage and correlation of these findings 
with neuropathologic studies in infants that develop 
cerebral palsy and related cerebral disabilities. 

The opportunity to comprehensively study the 
pathogenesis of fetal-neonatal brain damage appeared 
in the National Institutes of Health Collaborative Peri- 
natal Study that began in 1959.’ These studies indicated 
that hypoxia was the main cause of brain damage pres- 
ent in the newborn infant. Studies revealed that there 
were two basic forms of hypoxic fetal-neonatal cerebral 
damage, with the location of the damage determined 
essentially by the gestational age.*'’ In the premature 
fetus and newborn infant, hypoxic brain damage, hem- 
orrhagic infarction, occurs primarily in the deep strata 
of the cerebrum, affecting germinal tissue, peri- 
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Fig. 2. Infant born at 35 weeks’ gestation and lived 2 days. Deep cerebral hemorrhagic infarction 
in this premature infant; characteristic pattern of acute hypoxic cerebral damage in prematurity, 
with the periventricular germinal matrix wiped out and damage extending to the white matter and 


basal ganglia. 


ventricular white matter, and neighboring basal gan- 
glia (Figs. 2 to 4). At term, hypoxia primarily affects 
the cerebral cortex (Fig. 5). Significantly, hypoxia 
at term does not extend deeply to affect the basal 
ganglia.'” 11, 13 

In the premature infant, cerebral hypoxic damage 
at times extends through the cerebral hemispheric wall 
to the cortex (Fig. 4). The development of such dam- 
age—extending from the germinal matrix, through the 
basal ganglia, through the white matter, to the cortex— 
is related to cases of infants who survive, having ce- 
rebral palsy with superimposed cortical manifestations 
of mental retardation, epilepsy, and psychopathy. 

The distribution of hypoxic cerebral damage present 
at birth in most cases is bilateral but often is more ex- 
tensive in one cerebral hemisphere than in the other 
(Fig. 4). Reflecting this, clinically, in infants who sur- 
vive, the neurological signs, the spasticity and the ab- 
normal reflexes, are more pronounced on one side of 
the body than on the other. 

Computerized axial tomographic scan studies of pre- 
mature newborn infants with clinical manifestations of 
cerebral damage confirm that cerebral damage in the 
premature infant consistently occupies the periventric- 
ular strata. Neuroradiologists commonly make the 
computerized axial tomographic scan diagnosis of peri- 
ventricular cerebral infarction in affected premature 
infants. 

The specificity in location of fetal-neonatal acute ce- 
rebral hypoxic damage, deep in the premature infant 
and cortical in the infant at term, is not a random oc- 
currence but is influenced by three biologic factors, all 
related to gestational age: the presence or absence of 


germinal matrix tissue, the momentum of local organ- 
ogenesis, and the degree of development of the local 
vascular elements.”"' 

Germinal matrix tissue, present only in the prema- 
ture fetus and newborn infant, is composed of deposits 
of primitive immature anlage cells forming thick layers 
of compact cellular tissue lining the cerebral ventricles. 
The germinal matrix contributes to the formation of 
the basal ganglia and other neuronal structures in the 
cerebrum. 

Hypoxic damage to the deep cerebral structures oc- 
curs in the premature brain before 35 weeks of ges- 
tation. With the germinal tissue becoming attenuated 
near term, with this target tissue no longer present in 
the deep cerebrum, the primary site of hypoxic damage 
at term (as in the adult) shifts to the cortex. 

Organogenesis, pertaining to the time during which 
the structures of an organ are undergoing active elab- 
oration, is a period of manifestly increased vulnerability 
to injury. During early fetal life, local organogenesis in 
the cerebrum is most prominent in the deep strata, 
where elaboration of cerebral structures from the de- 
posits of germinal matrix is highly visible. The deep 
structures, undergoing rapid maturation, are imme- 
diately susceptible to hypoxic infarctional injury. Later, 
as the fetus becomes mature, with the basal ganglia and 
other deep structures now well formed and with the 
germinal matrix depleted, structural activity at the core 
of the cerebrum declines, and the momentum of or- 
ganogenesis shifts to the surface, where the cortex, pre- 
viously biologically inert, now undergoes accelerated 
organogenesis and at term becomes the main target of 
hypoxic injury. . 
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Fig. 3. Premature infant born at 32 weeks’ gestation; the infant developed respiratory distress 
syndrome and died at 2 days. Germinal matrix with acute hypoxic damage, frontal section of 
cerebrum. Germinal matrix deposits appear as deep-staining mounds of tissue on the lateral aspects 
of the ventricles, lying next to the (caudate) basal ganglia on each side. On the left, most of the 
matrix deposit is intact, with a small pale area of hemorrhagic necrosis in the upper medial portion 
of the matrix. On the right, the matrix deposit is largely effaced by a bulging pale infarction with 
a dark central area of hemorrhage. Small intraventricular hemorrhage on the right. 


Vascular development, particularly the elaboration of 
venous elements, directly influences the occurrence of 
hypoxic damage in the fetal-neonatal brain. In the pre- 
mature infant, coincident with active organogenesis, 
vascularization of the deep cerebral structures proceeds 
early, providing a broad venous network. Hypoxia 
leads to thrombotic occlusion of the deep veins, with 
consequent infarctional damage in the deep structures 
of the premature cerebrum. At term, the cortex, pre- 
viously essentially an avascular layer of tissue, rapidly 
undergoes development and acquires a prominent vas- 
cular system. With hypoxia, thrombosis of the newly 
formed surface veins results in infarctional damage. 

The link between acute hypoxic cerebral damage in 
newborn infants and the chronic cerebral lesions in 
cases of cerebral palsy lies in the demonstration of in- 
termediate patterns of brain damage, subacute lesions 
in newborn infants. In autopsy studies of hypoxic brain 
damage in newborn infants, while in most cases the 
lesions are fresh, acute, at times the cerebral lesions 
present are subacute, recognized pathologically as in- 
farctional lesions having origin a period of weeks or 
months before birth'*'*:'*"’ (Fig. 6). 

-In the pathology laboratory, the pathogenesis of ce- 


rebral palsy is demonstrated by step-by-step transitional 
studies correlating patterns of acute deep cerebral le- 
sions and then with the deep chronic cerebral damage 
found characteristically in brain specimens of cerebral 
palsy cases. The transition of deep periventricular dam- 
age from the acute, to the subacute, to the chronic form 
is illustrated in Fig. 7. The nature of the lesions at all 
three stages is the same pathologically, all being of in- 
farctional nature, differing only in age—acute, sub- 
acute, chronic. 

Fundamental to the interpretation of the pathogen- 
esis of cerebral palsy, in demonstrating the transition 
between the acute lesions in newborn infants, and the 
chronic lesions in cerebral palsy, is the fact that at times 
infants are born harboring subacute, old hypoxic ce- 
rebral lesions. A fetus subjected to ongoing adversive 
conditions during intrauterine life often accrues sub- 
acute cerebral damage.” '*'* 417 If the fetus survives, 
the acute lesions become subacute and undergo “heal- 
ing” with scarring. The presence of such latent subacute 
lesions at birth accounts for many cases of cerebral 
disabilities that develop after term delivery. 

The first substantial case studies key evidence, relat- 
ing hypoxic exposure of the fetus during premature 
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Fig. 4. Sullborn infant, with premature detachment of the placenta at 27 weeks of gestation. Massive 
asymmetric, hypoxic, hemorrhagic infarction, extending from deep cerebral tissue to the cortex on 
the right; much less damage is evident histologically on the left. 
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Fig. 5. Stillborn infant with massive premature detachment of 
the placenta. Cortical cerebral hypoxic damage at term; deep 
cerebral structures intact. The cortex of the convolutions in 
the upper part of the section shows confluent, pale patches of 
necrosis, characteristic of hypoxic cerebral damage in the ma- 
ture newborn infant. 


intrauterine life to the occurrence of deep cerebral 
damage in infants born at term were reported by 
Neuburger" and Hallervorden.'® These were cases in 
which the mothers had attempted suicide by asphyxia 
during pregnancy, months before delivery, with the 
infants dying after birth; the brain specimens of the 
infants showed extensive scarring and cyst formation 
in the cerebral white matter and in the basal ganglia. 
Gossey et al.'° presented a similar case of a mother who 
attempted suicide at 30 weeks of pregnancy and was 
delivered at 36 weeks. The newborn infant died, and 
at autopsy the cerebrum showed cystic areas and cal- 
cification in the basal ganglia, together with widespread 
necrosis in the white matter. Goetzman et al.” reported 
neuropathologic studies of 15 cases in newborn infants 
that showed lesions in the brain originating before the 
time of birth. Other cases of subacute hypoxic cerebral 
damage in the newborn infant have been reported by 
Manterola et al.,* Towbin,'” '' Csermely,’* and others. 

In the case presented in Fig. 6, the mother was hos- 
pitalized 2 months before delivery with pneumonia and 
vaginal bleeding. The infant, born at term, died on the 
first day. At autopsy the brain showed far-advanced, 
old cerebral infarctional damage, thick broad patches 
of pale necrotic tissue in the deep periventricular layers 
of the cerebrum. 

The actual occurrence of latent prenatal subacute 
lesions, while well known to the neonatal neuropath- 
ologists, is not generally realized by clinicians—neo- 
natologists, pediatricians, and neurologists. Accord- 
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Fig. 6. Subacute deep cerebral hypoxic damage in the newborn infant. Periventricular layers of 
tissue are pale and fragmented, histologically showing necrosis and scarring with a pathologic pattern 
consistent with subacute infarction 4 to 8 weeks old. Mother was hospitalized with pneumonia and 


vaginal bleeding 2 months before delivery, at term. 





Fig. 7. Pathogenesis of cerebral palsy. Correlation of analogous cerebral lesions indicating transition 
of (A) acute deep hypoxic cerebral damage in premature newborn infant to (B) subacute deep 
hypoxic cerebral damage to (C) chronic deep cerebral periventricular lesions in cerebral palsy. 


ingly clinicians are prone to ascribe manifest brain dam- 
age to intrapartum causes. 

The cause of the subacute lesions is related to ma- 
ternal complications during pregnancy, acute and 
chronic illnesses, placental disorders with vaginal bleed- 
ing, and other processes that lead to intrauterine hy- 
poxia. Even mild maternal illness may exert a damaging 
effect on the fetus. The occurrence and significance of 
incidental maternal illness during pregnancy are often 
minimized or overlooked and often go unreported by 
the mother; such illness is certainly not likely to be 
recalled at a trial some years after the pregnancy. 

When neuropathologic studies of cases of cerebral 
palsy are correlated with recent perinatal neuropath- 
ologic studies, the conclusion emerges that cerebral 


palsy occurring in an infant is a time marker, with re- 
gard to the time of incurrence of the underlying ce- 
rebral damage. Taking into account the relevant basic 
neuropathologic evidence that (1) spastic and athetoid 
cerebral palsy is due to basal ganglia damage and (2) 
basal ganglia damage occurs in the premature fetus and 
newborn infant after hypoxia but basal ganglia damage 
is not found in the brain after hypoxic exposure at 
term, the development of cerebral palsy in an infant 
born at term, reflects cerebral damage incurred weeks 
or months before labor; the development of cerebral 
palsy after term delivery cannot validly be attributed 
to the events of labor and delivery. 

Conclusions regarding causal mechanisms of cere- 
bral palsy that emerged from pathologic studies are 
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corroborated in clinical studies. Clinical studies from 
the Collaborative Perinatal Project indicate statistically 
that cerebral palsy is not related to the events of delivery 
in term pregnancies, that is, that cerebral palsy does 
not occur as the result of complications during term 
delivery.'* 

Most obstetric malpractice suits deal with a newborn 
infant who is depressed at birth with a low Apgar score. 
The fact that a newborn infant is depressed in the de- 
livery room does not automatically make certain that 
acute brain damage is present. It is of immediate im- 
portance to realize that the newborn infant’s depression 
may not be primarily due to acute brain damage in- 
curred during labor and delivery and that at times the 
depression of vital function occurs in an infant with 
subacute brain damage who was previously compro- 
mised during fetal life, long before labor. The two types 
of depressed newborn infants, those with acute brain 
damage and those with subacute lesions present at 
birth, are different with regard to gestational back- 
ground, have different pathologic changes in the brain 
at birth, and have different postnatal courses. In both, 
the clinical picture of depression during the first few 
minutes or in the first hour may be similar. In the sub- 
sequent hours and days, the clinical pattern is different. 

The most valid determination of the presence or ab- 
sence of acute cerebral damage in the newborn infant 
is based not on the events of labor and delivery but on 
the performance of the infant in the days after delivery. 

In the newborn infant whose depression is due to 
severe acute cerebral damage, the infant stays de- 
pressed for a long time, days and weeks, with coma, 
recurrent apnea, and congestive heart failure, often 
with persisting seizure activity requiring prolonged in- 
tensive care, with hospitalization extending for weeks. 

In contrast, the newborn infant with old cerebral 
lesions—previously compromised during fetal life by 
hypoxia-producing gestational complications, unable to 
tolerate the ordinary stress of parturition—is delivered 
depressed.'”'* Although enfeebled, these newborn in- 
fants usually respond to attention in the delivery room 
and are soon alert and active with spontaneous respi- 
rations, are placed in the regular nursery, are soon 
nursing, and are discharged within the week. This 
rapid response of the infant substantially rules out the 
presence of massive acute brain damage. Neither in a 
newborn infant nor in an adult would the patient be 
responsive and active with massive acute brain damage 
incurred a short time previously. It is implausible to 
believe that cerebral palsy developing in an infant can 
be attributed to massive acute cerebral damage in- 
curred intranatally in an infant who was in good clinical 
condition soon after delivery. 

Despite its availability, information about the patho- 
genesis of perinatal brain damage evolved in basic sci- 


November 1986 
Am J Obstet Gynecol 


ence research, in pathology, has not been widely ab- 
sorbed clinically or academically and has not often been 
applied pragmatically in obstetric malpractice litigation. 
Why is the pathogenesis basis of defense not applied 
more? At trial why is the obstetrician so often compro- 
mised by an inadequately composed defense with re- 
gard to a comprehensive presentation of relevant fac- 
tors of pathogenesis in the case? Lawyers find it hard 
to find valid experts in this multifaceted sphere of pa- 
thology. Lawyers find it hard to become educated to 
the point where they can develop this kind of defense. 
There are few pathologists who are knowledgeable in 
correlating factors in obstetric pathology with fetal-neo- 
natal systemic pathology, with newborn brain damage 
and subsequent neurological disorders. 

Because of the paucity of trained pathologists in this 
field, the interpretation of fetal-neonatal pathology is 
often assumed in testimony by clinicians. At times cli- 
nicians, obstetricians, pediatricians, and neurologists, 
who are valid expert witnesses in their own specialty 
and who do pointedly avoid expressing expert opinion 
involving other clinical specialities, will readily project 
“expert” opinion about the pathology of fetal-neonatal 
brain damage, opinion not based on genuine pathology 
experience, often erroneous interpretations about hy- 
poxic and mechanical injury, forceps injury, interpre- 
tations from an age past. (Just as it is unfitting for 
clinicians to appear as experts on the pathogenesis of 
newborn brain damage, so also, in turn, pathologists 
should not undertake to testify as experts in the stan- 
dard-of-care issue. This is the function of the clinician.) 

The lack of appropriate pathologic support in the 
defense of obstetric malpractice suits stems from the 
fact that there has been little interest in interdisciplinary 
training in the broad spectrum of pathology covered 
in this field. For pathologists, obstetric pathology has 
had little attraction; the assessment of placentas and 
the performing of fetal and neonatal autopsies has 
never been a favorite assignment. There has been little 
inclination by pathologists to acquire the multidisciplin- 
ary pathology knowledge necessary to deal with prob- 
lems of fetal-neonatal injury and its sequelae. Neuro- 
pathologists in recent times have written extensively 
about patterns of hypoxic brain damage in the newborn 
infant; however, most have not been able to deal com- 
prehensively with causative mechanisms, with patho- 
genesis, because they do not have the background, the 
grasp of pathologic obstetric processes and fetal-neo- 
natal processes that antecede the development of brain 
damage. 

Plainly, there is much need for support, from the 
clinical world, from the National Institutes of Health 
and other agencies, to encourage comprehensive in- 
terdisciplinary training in pathology required in this 
field. Considering the rigid state of the legal system and 
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the present-day legislative environment, ready resolu- 
tion of the malpractice litigation problem is not in sight; 
long-term initiatives directed at education and reedu- 
cation need to be taken by the medical world. 
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Clinical Articles 


Emergent cesarean delivery in patients undergoing a trial of 
labor with a transverse lower-segment scar 


Brent E. Finley, M.D., and C. E. Gibbs, M.D. 


San Antonio, Texas 
( 


The American College of Obstetricians and Gynecologists recommends that women with previous low 
transverse cesarean sections who are candidates for a trial of labor should undergo such a trial only in a 
special environment. Such recommendations imply that these women are at greater risk than the general 
population for developing complications necessitating emergent operative intervention. A retrospective 
review of 5 years’ experience reveals that in 1156 term pregnancies in which the patients were given a 
trial of labor, 18 (1.56%) patients underwent emergent abdominal delivery. This rate and the indications for 
the emergent operative delivery were not found to be different from those cited for patients without a 
uterine scar. The incidence of symptomatic uterine rupture was higher in patients scheduled for repeat 
cesarean section than for patients who underwent a trial of labor. Recommendations for a trial of labor 
might be reconsidered as they imply an increased risk for maternal and fetal morbidity and mortality that 


has yet to be demonstrated. AM J OBsTET GYNECOL 1986;155:936- 9. ) 


Key words: Trial of labor, emergent cesarean delivery, transverse lower-segment scar 


The success rates and benefits of allowing selected 
patients with previous low transverse uterine incisions 
to undergo a trial of labor are seldom debated in the 
literature today. Questions continue to arise, however, 
as to the safety of the process and the risk of intrapar- 
tum complications associated with stressing a transverse 
lower-segment scar by Jabor. Indeed the recommen- 
dation by the American College of Obstetricians and 
Gynecologists Committee on Obstetrics; Maternal and 
Fetal Medicine (1985)! that ‘a trial of labor be allowed 
only in labor and delivery units with continuous ‘fetal 
monitoring, 24-hour blood banking, and an operative 
start-up time of 30 minutes implies an increased intra- 
partum risk. 

This retrospective review was undertaken to examine 
our data in regard to the following questions relating 
to the stressing of a lower-segment transverse scar by 
labor: (1) What is the frequency of emergent/urgent 
cesarean sections? (2) How often is an emergent/urgent 
cesarean section performed because of the suspicion of 
a uterine scar complication? (3) Has a short operative 
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start-up time been critical in terms of perinatal or ma- 
ternal morbidity and mortality? 


Methods and material 


The computerized obstetric data bank of The Uni- 
versity of Texas Health Science Center at San Antonio 
was utilized to identify patients with a history of a single 
cesarean section who underwent labor during their sub- 
sequent pregnancy between 1978 and 1982 inclus-ve. 
Patients to undergo a trial of labor were identifiec as 
those patients with (1) a history of one previous cesar- 
ean section with a resultant transverse uterine scar, (2) 
a vertex presentation, (3) a gestational age >36 wecks, 
and (4) labor of =1 hour. Excluded from analysis were 
patients with abnormal presentations, prematurity, un- 
known or nontransverse uterine scars, and indicatzons 
for immediate delivery without labor, that is, worsering 
maternal disease with an unfavorable cervix. 

The computerized data bank screened the data bases 
for all patients undergoing a trial of labor to ider-tify 
those who underwent repeat cesarean section for a 208- 
sible emergent condition, for instance, (1) intrapar-um 
fetal death, (2) intrapartum fetal distress, (3) low Apgar 
scores (<7), (4) abruptio placentae, (5) placenta previa, 
(6) cord prolapse, (7) maternal hemorrhage, (8) pos- 
sible uterine rupture-dehiscence, or (9) previously un- 
recognized malpresentation. Also identified werz all 
patients undergoing a trial of labor in whom uterine 
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Table I. Indications and rates of emergent repeat cesarean section in patients undergoing a trial of labor 






Preoperative diagnosis 


Abruptio placentae 3 
Cord prolapse 4 
Fetal distress 8 
Uterine scar complication* 3 


Total 18 


Percentage of all patients 
undergoing a trial of 


labor (n = 1156) (%) 


Percentage of repeat cesarean in 
patients undergoing a tricl of 
labor (n = 411) (%) 


0.26 0.73 
0.35 0.97 
0.69 1.95 
0.26 0.73 
1.56 4.38 


*Only one of three was verified intraoperatively; two of three were without evidence of dehiscence or rupture. 


rupture or dehiscence was incidentally discovered, 
regardless of the indication for the repeat cesarean 
section. 

The identified charts were reviewed by one of the 
authors (B. E. F.) to determine if the repeat cesarean 
section was performed under emergent conditions. In 
keeping with the spirit of the recommendations of the 
American College of Obstetricians and Gynecologists, 
an emergent cesarean section was defined as an ab- 
dominal delivery within 30 minutes of diagnosis of an 
intrapartum complication. 


Results 


During the 5-year period, 1156 patients underwent 
a trial of labor with 745 (62%) delivered vaginally. Of 
the 411 patients undergoing repeat cesarean section, 
125 (26%) met the criteria for review of the medical 
records for a possible emergent abdominal delivery. 
The remainder of the cesarean sections were per- 
formed for failure of labor to progress or malpresen- 
tation recognized during labor. 

Indications for emergent cesarean section. Careful 
analysis of the medical records revealed that 18 (1.6%) 
of the 1156 patients undergoing a trial of labor un- 
derwent a cesarean section for urgent-emergent cir- 
cumstances. The preoperative diagnosis and the rate 
of cesarean section for each of the diagnoses are dis- 
played in Table I. 

Three of the 1156 trial of labor patients (0.26%) un- 
derwent repeat cesarean section for circumstances di- 
rectly related to the existence of the uterine scar. Each 
of these patients was thought preoperatively to have 
uterine rupture as evidenced by fetal distress or death, 
vaginal bleeding, and/or maternal shock. At the time 
of cesarean section, two patients exhibited no evidence 
of uterine rupture or dehiscence; one of them was 
found to have a small abruptio placentae while no cause 
for the preoperative vaginal bleeding and fetal distress 
was determined intraoperatively for the second patient. 
The third patient, who had a complete rupture of the 
uterine scar, 1s discussed below. The incidence of com- 
plete uterine rupture in the 1156 patients undergoing 
astrial of labor was 0.09%. 


Operative findings. In the 411 repeat cesarean sec- 
tions performed, four uterine scar dehiscences were 
incidental intraoperative findings. It was the operator’s 
expressed opinion in each case that the dehiszence was 
not directly responsible for the repeat cesarean section 
(failure of labor to progress in two cases, one case of 
cord prolapse, and one case of fetal distress). Three of 
the dehiscences were found to be approximately 4 cm 
in total length and were repaired at the time of the 
cesarean. section without incident or complications. The 
fourth dehiscence, found at repeat cesarean secticn af- 
ter failure of labor to progress, was determmed to be 
“difficult to repair” and a cesarean hysterectomy was 
performed with a resultant maternal hemorrhage of 
6000 ml. As the patient had requested a tubal ligation 
at the time of repeat cesarean section, the procedure 
did not result in undesired sterilization. 

A second cesarean hysterectomy was performed be- 
cause of, intraoperative hemorrhage resulting from 
uterine atony. This cesarean section had been per- 
formed because of failure of labor to progress. This 
hysterectomy did result in undesired sterilization for 
an incidence of 0.09% (one of 1156 patients). 

Perinatal morbidity and mortality. One intrauterine 
fetal death resulted from a ruptured transverse uterine 
scar during a trial of labor. This patient presented at 
42 weeks’ gestation with premature rupture of the 
membranes. Examination on admission revealed a cer- 
vix that was 10% to 20% effaced, fingertip dilatation, 
and a vertex presentation. Fetal keart tones were re- 
corded on admission and it was elected to “allew 12 
hours for the patient to enter active labor.” During the 
night of expectant management, fetal heart tones were 
lost and reexamination revealed an unchanged cervix 
and an undetermined presenting part. While attempts 
were being made to determine fetal lie, the patient 
became stuporous, tachycardiac, and shocky. Emergent 
laparotomy revealed a complete rupture of the trans- 
verse scar with a stillborn fetus lying within the abdom- 
inal cavity. The uterine rupture was repaired without 
difficulty or complications. The intrapartum fetal mor- 
tality for the 1156 patients was 0.09%. E 

Only two of the live-born infants delivered by emer- 
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gent cesarean section had a 5-minute Apgar score <7. 
One infant delivered because of fetal distress had a 5- 
minute Apgar score of 6 and a second infant delivered 
because of abruptio placentae had a 5-minute Apgar 
score of 6. 


Comment 


In our review of 1156 patients undergoing a trial of 
labor, 1.6% underwent a cesarean section because of 
emergent conditions. The rate of complete cord pro- 
lapse (four of 1156 or 0.35%) was within the cited rate 
of 0.2% to 0.5%.*4 The rate of abruptio placentae (three 
of 1156 or 0.26%) was less than the often-quoted in- 
cidence of approximately 0.49% to 1.3%.‘ This reduc- 
tion in the rate of abruptio placentae is most likely the 
result of (1) a decreased incidence of hypertension and 
preeclampsia within the trial of labor patients and (2) 
the exclusion of patients <36 weeks’ gestation. 

The rate of fetal distress’ necessitating cesarean sec- 
tion was found to be 0.69% of all patients undergoing 
a trial of labor. This rate is not different from-the cited 


rates of emergent cesarean section for fetal distress in- 


patients without uterine scars.” ° Fetal distress was the 
primary diagnosis in 4.6% of all the repeat cesarean 
sections in these trial of labor patients, a rate that is 
comparable with the 5% to 12% noted in various large 
studies of primary cesarean sections. Hesitancy to use 
oxytocin in patients with uterine scars may have re- 
sulted in a lower rate of cesarean sections for fetal dis- 
tress by increasing the incidence of abdominal deliv- 
eries because of failure of labor to progress. This is 
supported by our lower rate of vaginal delivery as com- 
pared with those of recent studies from institutions 
using oxytocin augmentation and induction in patients 
selected for a trial of labor.’ It is apparent, however, 
that the overall rate of fetal distress during a trial of 
labor is probably no greater than that cited for patients 
without a uterine scar.. 7 

The four uterine dehiscences, found incidentally at 
the time of the repeat cesarean section, are in keeping 
with the previously cited incidence of approximately 
0.7%.: The incidence of silent dehiscence ïn those pa- 
tients delivered vaginally i is undetermined in our review 
as unfortunately a significant number of patients de- 
livered vaginally did not have a documented explora- 
tion of the uterine scar. i 

Three of the foùr uterine dehiscences were repaired 
without complications or difficulties. As described 
above, two postpartum hysterectomies were per- 
formed: one because of dehiscence of the uterine scar 
and the second because of uterine atoriy that was un- 
responsive to mediċal management. The patient un- 
dergoing cesarean hysterectomy because of uterine de- 
hiscence desired sterilization while the patient under- 
going cesarean hysterectomy because of uterine atony 
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did not. The rate of undesired sterilization in the trial 
of labor patients was 0.087% (one of 1156 patients). 
One symptomatic uterine rupture with resultant fetal 


death and maternal shock occurred in the 1156 pat ents 


reviewed, for an incidence of 0.087%. The perinatal 
mortality rate directly attributable to a trial of labor was 
found to be 0.087 per 1000 in this study. Althcugh 
arguments may be put forth that this patient should 
not have been considered for a trial of labor (ruptared 
membranes, postdates, not in labor), the subsequent 
management was indeed based on our policy of trial of 
labor. This intrapartum death is the first attributed to 


_ ` our trial of labor policies in more than 2600 deliveries 


for a perinatal mortality rate associated with a trial of 
labor of <0.3 per 1000. This rate is consistent with that 
reported by Lavin." 

It could be argued that one maternal death could 
have occurred in our trial of labor patients had we not 
had an operative team and anesthesia immediately 
available when maternal shock developed. A review of 
our experience with symptomatic uterine rupture re- 
vealed that in the last 5 years three of four uterine 
ruptures occurred in patients scheduled for plarmed 
repeat cesarean section (not candidates for a triel of 
labor) who presented with signs and symptoms of rup- 
ture before the onset of labor. 

Insummary, <2% of 1156 patients undergoing a <rial 
of labor required an emergent repeat cesarean section, 
approximately | the same frequency cited for all primary 
cesarean sections in our experience and that of otkers. 
Less than 1% of the patients were operated on for 
suspicion of uterine scar complications with only one 
of 1156 truly having a symptomatic complicatior. A 
short operative start-up time may have been impor-ant 
in one patient: presenting with maternal hemorrkage 
but could not be identified as being critical in anv of 
the newborn infants, except for reasons noi related to 
the previous cesarean section. For carefully selected 
patients, a trial of labor may be proffered without un- 
duly increasing the risk of emergent cesarean sect:on. 


REFERENCES 


1. Committee on Obstetrics: maternal and fetal medicine. 
ACOG Newsletter. Chicago: American College of Obste- 
tricians and Gynecologists, Feb 1985. 

2. Evrard JR, Gold EM, Cahill TF. Cesarean section: a zon- 
temporary assessment. J Reprod Med 1980;24:147. 

3. Levy H, Meier PR, Makowski EL. Umbilical cord prolapse. 
Obstet Gynecol 1984;64:499. 

4. Pritchard JA, MacDonald PC. Williams’ obstetrics. 16tk ed. 
New York: Appleton-Century-Crofts, 1980. 

5. Gilstrap LC, Hauth JC, Toussaint S. Cesarean section: 

_ changing incidence and indications. Obstet i) neco! 1984; 
63:205. ` 

6. The Cesarean Task Force: NIH conserisus cevelopment 
statement on cesarean childbirth. Obstet Gynecol 1981; 
57:537. 

7. Flamm BL, Dunnett C, Fischermann E, Quilligan EJ. Vag- 


Volume 155 
Number 5 


inal delivery following cesarean section: use of oxytocin 
augmentation and epidural anesthesia with internal toco- 
dynamic and internal fetal monitoring. AM J OBSTET Gy- 
NECOL 1984;148:75S. 


Emergent delivery in trial of labor 


8. Lavin JP. Vaginal delivery after cesarean birth: frequently 
asked questions. Clin Perinatol 1983;10:439., 





Women’s acceptance of a preterm birth prevention program 


Emile Papiernik, M.D., Jean Bouyer, Ph.D., Kristine Yaffe, B.S., 
Gerard Winisdorffer, M.D., Dominique Collin, M.D., and Jean Dreyfus, M.D. 


Clamart, Villejuif, and Haguenau, France 


A major modification in French national perinatal policy was proposed in 1970. Its primary aim was to 
reduce preterm births, and a specific program has been progressively applied to all pregnant women in 
France since 1971. Because the policy was introduced at a national level, it was possible to use a district 
hospital in Haguenau (northeastern France) as an observation site for measuring the effects of the 
change. A longitudinal study was begun in 1971 and continued for 12 years, during which time a total of 
16,004 singleton pregnancies were followed. This article focuses on acceptance by the pregnant women in 
Haguenau in response to the new prenatal care proposals. A major reduction in preterm births is 
demonstrated, and the relationship between acceptance and observed changes in preterm birth is 
discussed. Certain time-related patterns were observed: it took time for the policy modification to be 
measurable; while the outcomes showed general improvement, results were closely related to the patient’s 
social status; there were significant time-lag differences between social class groups with regard to 
acceptance of specific interventions. (Am J OssteT GYNECOL 1986;155:939-46.) 


Key words: Patient acceptance, preterm birth, prevention program 


No simple, guaranteed method to prevent preterm 
births has yet been described. Even the widespread use 
of 8-mimetic drugs’ and cervical cerclage have not elim- 
inated this problem.* ° A number of risk factors such 
as low socioeconomic status, extremes in age, bleeding 
during pregnancy, history of previous preterm births, 
and the presence of multiple gestations have been de- 
scribed and studied*; however, all share the unfortu- 
nate similarity of not being amenable to change. 

In an attempt to deal positively with this problem, a 
national policy for prevention of preterm births was 
proposed and applied throughout France as part of a 
program to reduce perinatal deaths and morbidity of 
perinatal origin. Our approach was to pinpoint those 
risk factors which could be altered during pregnancy’ 
and to establish specific interventions to counteract 
them. We proposed to focus on the relationship be- 
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tween life-style and the onset of spontaneous uterine 
contractions.® Our prevention program was based on a 
risk factor analysis for each pregnant woman and the 
changes in her life-style (reduction in physical activity, 
avoidance of certain efforts that might trigger uterine 
contractions, etc.) that could be effected after recog- 
nition of these risks.” We hypothesized that life-style— 
related preterm birth risk factors were readily ame- 
nable to preventive policies that wculd be acceptable to 
the patient. Such measures would rely on the patient 
taking an active role in the prevention of preterm labor 
and require a conscious decision by the patient to re- 
duce her chance of preterm delivery. 

The preterm birth prevention policy and its local 
modifications could not have been implemented with- 


- out a corresponding change in the prenatal care system 


used throughout France. Since 1945 all pregnant 
women had been urged and financially induced to have 
at least one prenatal consultation during the first 
trimester. However, this consultation and all others be- 
fore the last month of pregnancy most often were con- 
ducted by a general practitioner, and general practi- 
tioners were not enthusiastic about participating in 
implementation of the new policy. Rather, the imple- 
mentation of the new program was carried out at out- 
patient maternity clinics where all intervention pro- 
grams including preterm consultations were either per- 
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Table I. Proportion of women seen during 
their first trimester and proportion af those 
who have never been seen at the prenatal 
clinic of Haguenau 


1971- | 1975- | 1979- 
1974 | 1978 | 1982 p 


Total births (n) 5044 4996 5964 

Women seen during 24.2 38.2 47.5 
the first trimester 
(%) 

Women never seen at 37.0 17.4 6.5 
the prenatal clinic 


(%) 


<0.001 


<0.001 


formed by an obstetrician, as was the case at Haguenau, 
or at other sites by midwives who were members of a 
prenatal team under the supervision of obstetricians. 
The financial factor was unimportart to the patient, 
since there was no cost difference between consulta- 
tions at a participating clinic and those with general 
practitioners. Moreover, the new policy became avail- 
able to women of all socioeconomic statuses as a result 


of an intensive public education campaign. Since there 


was no way personally and directly to advise each preg- 
nant woman to come early and often to a maternity 
clinic (it was instead a program aimed at modifying her 
opinion of what was needed in prenatal care), it was 
assumed that any change in site of prenatal consultation 
was a direct result of the woman’s choice to effect its 
change and a sign of her acceptance of the new pro- 
gram provided by the government. 


Patients and methods 


One of the methods available to evaluate the effects 
of national policy changes is to institute a longitudinal 
study within a total population unit. This method was 
implemented at a small district hospital in Haguenau 
(northeastern France) in 1971 shortly after the national 
program for improvement in perinatal health began. 
The Haguenau maternity hospital serves a very stable 
population, located in a region defined by specific nat- 
ural borders.’ During the 12-year study, 90% of the 
births of the city’s residents and 80% of births of the 
residents from its surrounding areas took place at the 
Haguenau maternity hospital. Analysis of the recruit- 
ment population and all pregnant women in the census 
record for this geographic area revealed no differences 
throughout the study duration in terms of professional 
activity and social profile. 

The overall policy studied in this paper comprised 
the following three coordinated programs: 

A scoring system specific to the patient’s risk fac- 
tors. In contrast to the established risk factors for pre- 
term birth such as maternal age, weight, education, or 
previous history of preterm birth (which cannot be 
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changed), we defined risk factors that could be modi- 
fied during the course of pregnancy to include un- 
healthy life-style and excessive physical exertior or 
stress, since it has previously been shown that a precise 
relationship exists between difficult working condit-ons 
and higher rates of preterm deliveries.”" 

An additional risk factor was related to shortening 
or dilatation of the uterine cervix as measured by vag- 
inal examination during a prenatal visit, since we had 
demonstrated that the risk for preterm labor is several 
times higher among these women.” 

A program to provide the pregnant woman with 
precise information regarding her risk of preterm de- 
livery. A great deal of time was spent by doctors, mid- 
wives, and nurses in explaining the goals and the meth- 
ods of the proposed prevention program. In particular, 
patients were advised how to recognize uterine con- 
tractions and how to identify the relationship between 
physical activity and the onset or increased frequency 
of uterine contractions. For some patients this activity 
increase was confined to brisk walking, for others to 
lifting a child, and for still others to standing at work 
for hours on end. All possible means were used to dis- 
seminate this specific type of information starting with 
the questionnaire administered at the first visit and con- 
tinuing during the Lamaze classes that most of the 
women attended. Similar information was also dissem- 
inated directly to women via communications in the 
popular press and in women’s magazines devoted to 
childbearing and fashion and by means of radio end 
television information spots. In addition, information 
films were prepared for doctors, and the National Fol- 
icy for Reduction of Perinatal Accidents included fi- 
nancial incentives for physicians to attend postgraduate 
education sessions on prevention of preterm delivery. 

A program of reduction of physical effort. In most 
instances this could be achieved by various behavior 
modifications, such as walking slowly, not running after 
a bus, ard not lifting heavy weights. However, in many 
circumstances when the physical stress was obviously 
related to the environment of the woman (for example, 
standing long hours in a shop or working as a nurse in 
a busy hospital department), the only means available 
to reduce activity effectively was to propose a health- 
related leave of absence from work. This measure was 
used to enlarge the standard 6 weeks’ leave of absence 
before expected delivery, which had been in effect in 
France for all pregnant women since 1945. The length 
of leave varied according to specific circumstances. In 
rare instances, work was proscribed for the entire ges- 
tation. 

The entire emphasis on life-style was calculated to 
allow a reduction of those activities that might induce 
uterine contractions. In addition, the program incor- 
porated a need for self-assessment and seli-manage- 
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Table II. Proportion of women seen at the prenatal clinic during the first trimester according to years 
of education 






1971-1974 


Years of 

=8 17.7 2796 28.5 
9-12 30.0 1966 49.5 
>13 47.5 282 65.5 


N = Total number of women in the category. 







2977 38.6 3803 <0.001 
1642 61.7 1727 <0.001 
377 69.6 434 <0.001 


Table III. Proportion of women never seen for prenatal consultations at the prenatal clinic accorang to 


years of education 


1971-1974 
a 










Years of 
education 


=8 46.2 2796 23.9 
9-12 27.7 1966 8.8 © 
=13 10.6 282 4.0 


N = Total number of women in the category. 


ment on the part of the woman herself. Although the 
three programs discussed above constituted the core of 
the prevention policy, they were by no means the only 
activities undertaken by individual prenatal care facil- 
ities. In other words, each facility had the capacity to 
and often did undertake specific interventions in ad- 
dition to the major components of the national policy. 
For example, at the Haguenau hospital there was an 
initial increase in the use of cervical cerclage, B-mi- 
metics, and enforced patient bed rest with a subsequent 
decrease in these practices. However, since the core 
programs were generally applied throughout France, 
only they will be subject to analysis in this paper. 

We analyzed visits to the outpatient clinic and their 
timing as an indicator of maternal acceptance of the 
new prenatal care. We measured the proportion of all 
pregnant women who came to the maternity outpatient 
clinic in Haguenau during their first trimester and the 
corresponding proportion of women never seen at this 
clinic before their delivery. Among the variables stud- 
ied were previous obstetric history and the number of 
years of schooling, the latter because it has been shown 
to be a good marker of socioeconomic status in peri- 
natology.”* In this study socioeconomic status was based 
on the maximum educational level of both parents (or 
of the woman alone, if single). 

The effect of the intervention policy was measured 
by the variations in distribution of births by gestational 
age (specifically, the proportion of preterm births, de- 
fined as those of <37 weeks determined from last men- 
strual period) and in the distribution of birth weights. 
If sonography was available and performed before 20 
weeks, corrections for gestational age obtained by ul- 


1975-1978 









1979-1982 | 


2977 8.5 a <').00] 
1642 3.6 1727 <).001 
377 0.9 434 <J.001 


trasound scanning (used since 1972) were used. Those 
women with unknown last menstrual period and with- 
out a correct gestational age were classified as having 
unknown gestational age. | 

The composition of the obstetrics team remained 
constant throughout the study. This factor provided a 
high degree of consistency with regard to implemen- 
tation of the prevention policy. Data analvses were 
based on the 16,004 singleton pregnancies (including 
stillbirths and births of unknown gestational age) ob- 
served for prenatal care and with deliveries m the Ha- 
guenau Maternity Clinic between February 1, 1971, and 
December 31, 1982. The study period was divided into 
three 4-year periods to permit analysis of time-related 
patterns} since people do not respond immediately to 
any proposed change and we expected to see a time 
lag between the date of adoption of the naticnal policy 
and the pregnant women’s acceptance of the new type 
of prenatal care (as indicated by a clinic visit). We also 
decided to study the lag time in relation to differences 
in years of schooling (socioeconomic status) and in re- 
lation to previous obstetric history. Furthermore, if we 
assumed that the interventions implemented under the 
new policy were related to a decrease in observed pre- 
term birth rates, we would then expect to observe a 
similar lag time in preterm birth rates among patients 
with different levels of schooling. A regression analysis 
was performed on the proportion of women receiving 
consultation at the clinic in their first trimester and the 
rate of preterm birth (defined as <37 weeks). Nine 
points were defined by socioeconomic status and time 
period, and each of them was characterized by an X 
and Y value. Thus we were able to study within the 
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Table IV. Proportion of women seen at the prenatal clinic during the first trimester according to 
obstetric history 






Obstetric history 





Nulliparous Ze; 
Multiparous without previous stillbirth 

or preterm birth 25.4 
Multiparous with previous preterm 

birth 23.1 
Multiparous with previous stillbirth 24.1 
Multiparous with previous stillbirth 

and preterm birth 31.4 


N = Total number of women in the category. 


different categories of patients the relationships be- 
tween time-related patterns observed in the prevalence 
of prenatal clinic visits and those observed in preterm 
birth rates. 


Results 


Table I depicts the proportion of women receiving 
consultation at the Haguenau Maternity Outpatient 
Clinic during their first trimester and the proportion 
of women never seen at the clinic. Over the 12-year 
` period the women significantly changed their behavior. 
The proportion of women visiting the clinic during the 
first trimester almost doubled from 24.2% to 47.5% 
(p < 0.001). At the same time the percentage of preg- 
nant women never seen at the clinic before delivery 
decreased sixfold from 37.0% in 1971 to 1974 to 6.5% 
in 1979 to 1982 (p < 0.001). 

Table II shows the proportions of women seen at the 
clinic stratified by years of schooling. Although there 
are specific differences in the manner in which each 
group responded, the pattern of response remained 
constant. Not surprisingly, women with a higher edu- 
cational level demonstrated a greater initial response; 
that is, there is almost a threefold difference between 
the proportion of women with <8 years of schooling 
(17.7%) who consulted and that of the women with =13 


years category (47.5%). Examining the results after 4 _ 


years, the proportion of the middle school group 
(49.5%) is very close to the initial value of the group 
with the highest level of education (47.5%). In contrast, 
only after 8 years does the proportion for the group 
with the lowest educational level (38.6%) even approach 
the initial value for those with the highest educational 
level (47.5%). In other words, there was an 8-year time 
lag before the value of the lower school group comes 
close to the initial value of the group with the highest 
level of education. A similar time lag is shown in Table 
III for the proportion of pregnant wcmen who never 
visited the clinic for a prenatal consultation. Each ed- 
ucational level group exhibited a significant decline in 


-1978 
N 


1971-1974 1975 







1979-1982 


pow | r 


2144 37.7 2390 47.0 269 
2507 38.2 2323 47.8 3034 
329 40.2 229 47.5 2-42 
29 39.1 29 46.3 4] 
35 54.8 31 60.5 38 


this regard over time. The initial proportion of 10.6% 
for the highest level was approached after 4 years by 
the middle-level group (8.8%) and after 8 years by the 
group with the least education (8.5%). 

Table IV depicts the data on outpatient clinic visits 
by previous obstetric history. The proportion of women 
coming to the clinic during each time period is not 
statistically different (except for the two first ones in 
period one). In other words, the obstetric histories of 
these women seemed to have had very little bearing on 
their decisions to come for early prenatal consultation. 
However, it is of great interest that the fifth category, 
that is, those who had had both a previous stillbirth 
and a preterm birth, behaved differently although sta- 
tistical significance is not reached. These women came 
more often for an early clinic consultation with the 
obstetric team. 

Table V shows that there was a significant decrease 
over time in the preterm birth rate as measured by 
gestational age and that this overall reduction was 
matched by a corresponding decrease in the rates of 
births of infants with weights <2500 gm. This reduc- 
tion in preterm birth rate cannot be explained by 
changes in gestational age measurements (more precise 
values, for example), since there was a parallel reduc- 
tion in Lirths of low weight infants. When examining 
the births of unknown gestational age, we found the 
mean birth weight to be 3287 gm for the 223 births in 
1971 to 1974, 3218 gm for the 172 births in 1975 to 
1978, and 3173 gm for the 112 births in 1979 to 1982. 
These figures indicate that the unknown gestational age 
births did not consist solely of low birth weight infants 
but demonstrated a range of birth weights. 

A reduction in preterm births in relation to educa- 
tional level is seen in Table VI. Decreases over time 
were not significant for the group with the highest level 
of educazion. On the other hand, the other two levals 
reveal a time lag pattern strikingly similar to that cb- 
served fcr the modifications in prenatal visit behavior. 
For example, after 4 years the preterm birth rate for 
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Table V. Rate of preterm and low birth weight deliveries in singleton pregnancies* by time period 


1975-1978. 1979-1982 





Preterm deliveries (<37 6.3 4857 


weeks) 
Low birth weight deliveries 5:2 4854 
(<2500 gm) 


*Includes stillbirths. 


4.6 4824 4.2 5852 


<0.001 


4.3 489] 4.9 5851 <0.05 


İN includes the total number of singleton deliveries excluding those pregnancies of unknown or uncertain gestational age. 
The differences in N values between the preterm birth and low birth weight categories are due to the occasional existence of an 


unknown birth weight. 


Table VI. Preterm (<37 weeks) birth rate of singleton pregnancies* according to maternal education 












Years of 
education 


<8 69 2665 5.3 2839 - 4.7 ` 3699 <0.001 
9-12 5.7 1918 3.8 1614 JT 1719 <0.01 
213 4.0 274 3.0 371 2.8 434 NS 
N = Total number of women in the category with known gestational age. 
*Includes stillbirths. 
Table VII. Values for the linear regression analysis (Fig.. 1) 
Years of 
education 1971-1974 1975-1978 1979-1982 
<8 Point J: X = 17.7, Y = 6.9 Point 2: X = 28.5, Y = 5.3 Point 3: X = 38.6, Y = 4.7 
9-12 Point 4: X = 30.0, Y = 5.7 Point 5: X = 49.5, Y = 3.8 Point 6: X = 61.7, Y = 3.7 
213 Point 7: X = 47.5, Y = 4.0 Point 8: X = 65.5, Y = 3.0 Point 9: X = 69.6, Y = 2.8 


X = The proportion of women receiving consultation at the maternity outpatient clinic during the first trimester. 


Y = The rate of preterm birth (defined as <37 weeks). 


middle level group is close to the initial value for the 
highest level group. Similarly, the group with least ed- 
ucation only approaches the initial value of the group 
with the highest educational level after 8 years. 

In an attempt to represent our results as a dose-effect 
relationship between the preterm birth rate reduction 
pattern and the similar pattern in prenatal visit behav- 
ior, we plotted a linear regression of the data. Table 
VII depicts the nine points shown in Fig. 1 (the X-axis 
is the proportion of women consulting at the maternity 
clinic during the first trimester; the Y-axis is the rate 
of preterm birth). The equation of the regression is 
Y = —0.072 x +77.70, and the rcoefficient is — 0.97. 
This r coefficient is highly significant (p < 0.001). 
Furthermore, the time lag patterns are clearly visible: 
point 2 is near point 4; points 3, 5, and 7 represent a 
cluster; and points 6, 8, and 9 are close in value. 


Comment 


The present study seeks to explore the relationship 
between maternal acceptance of the new prenatal care 


system and changes in the preterm birth rate. Unfor- 
tunately, it is difficult to evaluate any prevention pro- 
gram, particularly one that has been applied on a na- 
tional scale. Ideally, two groups of pregnant women, 
one receiving’ the intervention and the other not re- 
ceiving it, should be studied to determine the effect. 
This method was impossible to implement, however, 
because the policy was applied nationally and because 
of ethical reasons.'t Furthermore, as the tested inter- 
vention was neither a drug nora device but rather an 
attitude change, it would have been difficu-t to use the 
traditional method of selection cf controls. We there- 
fore decided to use a specific observation site, the Ha- 
guenau Maternity Clinic, in orde” to follow the policy's 
effects over a 12-year period. In addition, in 1970 an 
evaluative study by a professional] team was proposed," 
and this was conducted on a nationwide scale in 1972, 
in 1975 to 1976, and again in 1¢81. 

A definite behavior change was observed longitudi- 
nally among pregnant women at the Hagtenau clinic: 
a greater proportion of women from every socioeco- 
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equation of the regression line: 


y =-0,72x+7,70 


vi 
| r =-0,97 (p<0.001) 








Fig. 1. Plotting of a linear regression line to show the relationship between the preterm birth rate 
reduction pattern and the similar pattern in prenatal visit behavior. The X-axis is the proportion of 
women consulting at the maternity clinic during the first trimester; the Y-axis is the rate of preterm 


birth. 


nomic class received consultation at the prenatal clinic 
in the first trimester, and the proportion of women 
never seen at the clinic decreased. Furthermore, the 
behavior of the pregnant women was found to be re- 
lated to their years of schooling. The initial rate of 
response to the program was directly related to social 
class; women in the highest socioeconomic status group 
responded most quickly. A 4-year response time lag was 
observed in the other socioeconomic status levels, that 
is, after 4 years the level of the lower category reached 
the approximate value of the next highest level. The 
same time lag pattern occurred in the preterm birth 
rates across the different socioeconomic status groups 
with an eventual leveling of the preterm birth rate for 
the highest socioeconomic status group. The reason for 
this leveling may be due either to the relatively small 
number of women in this category or, more likely, to 
the existence of an “irreducible” level of preterm births. 

We searched for any experimental biases that may 
have affected these results. The study population re- 
mained stable throughout the time period, with only a 
slight increase in the low socioeconomic status popu- 
lation as a result of the closing of two local maternity 
hospitals..We also éxamined those other variables, apart 
from prenatal care, which are correlated to preterm 


birth risk and whose effect may have changed dur.ng 
the study; however, none could explain the obserred 
decrease in preterm birth rate.® Furthermore, as men- 
tioned above, the economic factors of prenatal care 
consultations and the availability of information on ac- 
cess to prenatal care could be discounted as major veri- 
ables in the women’s behavior changes. Finally, to con- 
trol for the effect of changes in the accuracy of ges- 
tational age measurement over the study period, re 
also measured birth weight distribution. These valves 
demonstrated that the reduction in preterm birth was 
not an artifact but that it paralleled the reduction in 
the numbers of low birth weight infants. 

In our opinion the preterm birth rate reduction ap- 
pears to be directly related to the women’s acceptance 
of the new prenatal care as measured by changes in 
their behavior towards prenatal care. Several authcrs 
have previously described the importance of women s 
attitude toward their pregnancy and how this may iz- 
fluence pregnancy outcome.’*!* The women in our 
study apparently changed their attitude about prenatz] 
care. They began to realize that they could pley a mo-= 
active role and that it was important for them to ga.n 
more precise information about their life-style and ms 
impact on their risk of preterm birth. Chalmers et al? 
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have discussed women’s dissatisfaction toward treat- 
ment during prenatal visits and toward the lack of in- 
formation provided to them. We cain assume that the 
women in our study decided to switch the location of 
their care from the office of the general practitioner to 
the outpatient clinic where they knew that they would 
be asked questions (among other things) about their 
life-style and obstetric history and where they could 
learn how to play a more active role in preterm birth 
prevention. 

Although i it may be argued that many of the women 
did not know why they switched prenatal care locations 
but merely followed the example of friends or of com- 
munity leaders, these women nevertheless decided to 
change and thereby received the intervention mea- 
sures. It séems that just as is the case in other consumer 
markets, pregnant women can and do choose to switch 
to a system that offers them a new and different type 
of prenatal care and then express their satisfaction with 
this new system by a constant increase in the proportion 
of women coming to the clinic. Results obtained from 
national surveys based on a representative sample of 
births throughout France in 1972, 1975 to 1976, and 
1981 also have documented an increase in the numbers 
of consultations with specialists.” 

The national evaluation obtained data similar to ours 
with regard to the influence of previous obstetric his- 
tory. Women whose previous pregnancy had ended 
with a perinatal death or with the birth of a child weigh- 
ing <2000 gm had very similar prenatal consultation 
behaviors as women from the total representative sur- 
vey.” However, our results demonstrated that apart 
from those women who have had both a previous still- 
birth and a preterm birth, the obstetric history has little 
effect on whether the women choose to have an early 
clinic consultation. Thus we can place fiirther confi- 
dence in our hypothesis that the women who come for 
a clinic consultation (thereby switching location of pre- 
natal cate) do so mainly because of a decision. 

The opinions cf women concerning the requisite 
number of prenatal visits significantly influenced their 
consultation frequency.'® On a national level the level 
of education was correlated with what was considered 
to be a sufficient number of prenatal consultations; that 
is, those women with a low educational level were much 
more likely to characterize an infrequent prenatal con- 
sultation schedule as being sufficient. Another study 
revealed that women of low socioeconomic status were 
the ones who failed to seek early prenatal care or any 
prenatal care at all,” 

The relationship between the women’s degree of ac- 
ceptance and their socioeconomic status has interestin g 
implications for social policy. Whereas the women who 
responded to the prevention program did so regardless 
of their socioeconomic status, women in the higher so- 


Preterm birth prevention program 945 


cioeconomic status category responded more quickly, 
In addition, the preterm birth rate was directly re- 
lated to socioeconomic status. Other authors have also 
found a correlation between preterm birth and social 
class.'* 22 Unfortunately, this correlation all soo often 
has been accompanied by an attitude of resignation that 
the differences in preterm birth rates among social 
classes are not amenable to modifications by interven- 
tion programs. 

Recently, however, some de have o 
changes in the importance of the socioeconomic status 
factor with respect to preterm birth rates...Oné was 
conducted in Clamart, France (outside. of. Paris); it re- 
vealed the value of patient acceptance in the disap- 
pearance of the socioeconomic status factoz. Among 
“followers” of the preterm birth prevention program 
(and thus among those with “changed” attitude), the 
preterm birth rates were found to be similar across all 
socioeconomic status groups. However, among “non- 
followers” significant differences in preterm oirth rates 
for different socioeconomic status groups still existed.” 
A study coriducted in Martinique zlso has shown a lack 
of difference in pregnancy outcomes between socio- 
economic classes among followers after a prevention 
program had been implemented.” 

Our findings that the obstetric history has a surpris- 
ingly small effect on prenatal consultation behavior 
suggests that programs that only target high-risk 
women (as defined by those with previous preterm birth 
or stillbirth) are not well focused. Instead, programs 
that attempt to reach the general population and to 
influence attitudes about prenatal care may be the most 
successful, particularly in diminishing the socioeco- 
nomic status differences in preterm birth rates. Wé 
have seen a relationship in this study between accep: 
tance and preterm birth rate decrease (see Fig. 1). While 
the specifics of this relationship are not known, the very 
existence of such a correlation makes us op-imistic that 
further research should be conducted on this relation- 
ship. It is important to remember, however, that studies 
that measure intervention outcomes should include a 
long-term follow-up, since attitudes are not readily 
changed. It is hoped that such studies and ihtervenitions 
will be conducted, particularly those whica aim at re- 
ducing the socioeconomic status gradient in preterm 
birth rates, and that more information will be gained 
concerning women’s acceptance and attitude and the 
results of prevention programs. PE oe 

Consumer’s awareness about pregriancy oitcome has 
changed considerably during the 15-year period of this 
study. Similar changes have occurred in the countries 
with similar levels of technical development such as the 
British Isles, Germany or the United States. In partic- 


“ular, women have asked for betier monitoring of their 


pregriancies and deliveries and Have accepted more ce- 


` 
® 
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sarean sections. However, these changes only rarely 
have modified the aims of the prenatal care providers 
except in France where a specific policy was introduced, 


and no reduction in the rates of preterm birth has been > 


documented outside of France for these last 15 years.” 


- We wish to thank Professor Louis Keith of the De- 
partment of Obstetrics and Gynecology of Northwest- 
ern University Medical School and Prentice Women’s 
Hospital and Maternity Center of Northwestern Me- 
morial Hospital, Chicago, Illinois, for help with the 
English language version. 
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Proportional weight gain and complications of pregnancy, 
labor, and delivery in healthy women of normal 


prepregnant stature 


M. J. Shepard, M.P.H., K. G. Hellenbrand, M.P.H., and M. B. Bracken, Ph.D. 


New Haven, Connecticut 


Detailed reproductive information was obtained through interview at early prenatal visits to hospital clinics, 
private medical groups, or health maintenance organizaticns for 4186 women delivered at Yale-New 
Haven Hospital. From these women, 1396 were selected who had no preexisting chronic disease, were 
within their normal prepregnant weight for height as determined by Quetelet's Index (weight?/height?), and 
were delivered of single infants with no major congenital malformations between 37 and 42 weeks. These 
women were divided into four quartiles according to their proportional weight gain (weight gain/ 
prepregnant weight): quartile 1 = gains =15%; quartile 2 = gains 16% to 25%; quartile 3 = gains 26% to 
35%; quartile 4 = gains >35%. Complications of pregnancy, labor, and delivery were recorded within 2 
days of delivery. Compared with the women in quartile 2 those in quartile 4 were 3.8 times more likely to 
develop gestational hypertension and had a fourfold risk of becoming preeclamptic. They were also 
significantly more likely to require cesarean section. The size of the infant was a significant risk factor for 
prolonged second stage of labor in primig-avid women (>2 hours) but not in multigravid women (>1 hour). 
Weight gains of more than 35% almost doubled the risk of a prolonged second stage of labor for 
multigravid women. High proportional gains were not associated with adverse neonatal outcomes. 
Clinicians should consider proportional weight gain when advising healthy women about weight gain during 


pregnancy. (Am J OssteT GYNECOL 1986;155:947-54.) 


Key words: Proportional weight gain, healthy women, complications of pregnancy, labor, 


delivery 


Within the last decade dietary restrictions have been 
relaxed for women during their pregnancies, thus al- 
lowing gains as high as 30 or more pounds. The gen- 
erally accepted view appears to be that the more weight 
a woman gains the less the likelihood of delivery of a 
low birth weight infant and consequently the lower the 
risk of neonatal morbidity and mortality.’ 

It is well known that the very underweight or the 
obese may present special problems during pregnancy. 
While the relationship of maternal weight gain with 
complications of pregnancy, labor, and delivery in these 
women has been examined, little or no research exists 
on proportional gain and the course of pregnancy for 
the healthy woman of normal prepregnant weight. As 
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Hytten and Leitch? have observed, “Obstetric medicine, 
like medicine in general, is much more concerned with 
the abnormal than the normal.” 

Because of differing attitudes toward weight gain 
during pregnancy and a paucity of data on propor- 
tional weight gain, our aim was to study maternal 
weight gain as a proportion of prepregnant weight and 
to examine its relationship to complications experi- 
enced during pregnancy, labor, and delivery for 
healthy women within their optimum prepregnant 
weight for height. 


Material and methods 


The data for this study were obtained from 4186 
women who were delivered at Yale-New Haven Hos- 
pital from May 1980 to August 1982 and who obtained 
prenatal care at one of 28 private medical groups, five 
hospital obstetric clinics, and three health maintenance 
organizations. Detailed information on reproductive 
history was obtained by trained interviewers shortly af- 
ter the woman’s first or second prenatal visit. For the 
majority of women, information on weight gain, pre- 
pregnant weight, height, and complications of preg- 
nancy, labor, and delivery was extracted from the hos- 
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pital chart 2 days after delivery. Maternal weight en- 
tered on hospital charts was that recorded at the 
patient’s last prenatal visit. 

Only women who were delivered of a singleton infant 
between 37 and 42 weeks’ gestation, calculated from 
the date of the last menstrual period, and who had no 
history of diabetes, hypertension, cardiovascular dis- 
ease, seizure disorders, or thyroid problems were in- 
cluded in the analyses. We excluded women who were 
delivered of infants with severe congenital malforma- 
tions, nine women who lost weight during pregnancy, 
and women whose height or weight information was 
missing from hospital records. 

We divided the remaining 18651 women into three 
groups, according to the ratio of their prepregnant 
weight-for-height, with the use of Quetelet’s Index,’ 
which provides a measure of total body size [Que- 
telet’s Index = weight? (grams)/height* (centimeters)]. 
Group 1, the underweight women, were <91% of the 
standard weight-for-height, with Quetelet’s Index of 
1.87. Group 2 women were defined as overweight, or 
weighing >120% of the standard weight-for-height, 
with Quetelet’s Index of 22.59 (N = 279). Group 3 
was composed of 1396 women withia the normal pre- 
pregnant weight for height, or between 91% and 120% 
of their ideal weight (Quetelet’s Index = 1.88 to 2.58). 

All analyses were conducted on the 1396 women in 
group 3. Proportional weight gain was computed by 
dividing weight gain by prepregnant weight. These 
proportions were then divided into four quartiles: 
quartile 1 = gains up through 15%; quartile 2 = gains 
between 16% and 25%; quartile 3 = gains ‘between 
26% and 35%; and quartile 4 = gains >35% of pre- 
pregnant weight. 

We first tested for linear trends in proportions, using 
two-tailed levels of significance, on complications of 
pregnancy, labor, and delivery for women in the four 
quartiles; where appropriate, x’ tests for association 
were performed. Second, a series of regression models 
were fit. The first multiple regression model was de- 
veloped to identify factors associated with proportional 
weight gain and to estimate the proportion of weight 
gained, while confounding variables were adjusted. 
Next, multiple logistic regression models were devel- 
oped to determine which complications of pregnancy, 
labor, and delivery were significantly associated with 
proportional weight gain, once again with confounding 

‘variables adjusted. 

Since our initial analyses indicated that proportional 
weight gain between 16% and 25% of prepregnant 
weight was optimal, we selected that quartile as the 
reference for proportional weight gain in our models. 
All variables associated with proporticnal weight gain 
were initially examined, but only the proportional 
weight gain quartiles, those variables significant at 
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<Q, 10, and variables previously identified as risk factors 
were included in the final models. Appropriate inter- 
action terms were examined in all models. 


Results | 


Maternal outcomes 

Demographic characteristics. The average weight gain 
for the entire sample was 32.8 pounds (SD = 9.97), an 
average of 26% of prepregnant weight (SD = 8.1}. The 
average prepregnant weight for the entire sample was 
127.5 pounds (SD = 14.9) and ranged from 133.1 
pounds in quartile 1 to 121 pounds in quartile 4. The 
mean height for the 1396 women was 64.1 inches 
(SD = 2.5), and the height ranged from 64.3 inches in 
quartile 1 down to 63.4 inches in quartile 4. 

Tests for linear trends in maternal height and pre- 
pregnant weight were significant across the four Jevels 
of proportional weight gain. When these linear effects 
were partitioned for higher-order trends, no deviations 
from linearity were observed. 

Proportional weight gain was higher among wcmen 
who weighed <120 pounds before becoming pregnant, 
those 64 inches tall, and those who were not married. 
Women in the lowest quartile were more likely to be 
black, young, and less educated. Those in quartile l 
and quartile 4 were also more likely to be smokers. 
Alcohol consumption was unrelated to proportional 
weight gain. Women in the third and fourth quartiles 
were more likely to be primigravid (Table I). 

Complications of pregnancy. Women who gained more 
than 35% of their prepregnant weight were signifi- 
cantly more likely to become hypertensive during preg- 
nancy or to develop preeclampsia. Those in quartile 1 
were significantly more likely to experience vaginal 
bleeding during pregnancy (Table II). 

A large proportional weight gain did not increase the 
likelihood of gestational diabetes (p = 0.55) or renal- 
urinary tract infections (p = 0.56). Only 3% of the 
women in this sample experienced hematologic prob- 
lems, 2% experienced venereal disease or viral inzec- 
tions, and 1% had unspecified infections. These com- 
plications and those occurring in five or fewer women 
were not included in the analyses. 

Second stage of labor. Since the beginning of the first 
stage of labor cannot always be clearly recognized, we 
chose to study the effect of proportional weight gain 
on the second stage of labor with its more clearly de- . 
fined beginning and conclusion. Complete information 
on the second stage of labor was recorded in the hos- 
pital chart for 850 subjects. We have no reason to be- 
lieve the missing data on this stage of labor for the 
remaining 546 women were other than a random oc- 
currence. We defined a prolonged second stage as last- 
ing more than 2 hours for primigravid women and 
more than | hour for multigravid women. -. 
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Table I. Maternal characteristics by proportional weight gain 





Quartile 1: Quartile 2: 
Characteristic =15% 16%-25% 


Prepregnant weight 
(pounds) (%) 


=110 4.2 8.2 
111-120 18.6 19.7 
121-130 18.6 30.7 
131-140 28.8 19.3 
>140 29.7 22.1 
Total No. 118 548 
Height (inches) (%) 
<60 1.7 1.5 
60-64 48.3 52.2 
65-69 47.5 43.1 
>69 2.5 3.3 
Total No. 118 548 
Marital status (%) 
Currently married 77.1 83.5 
Divorced 0.9 1.7 
Separated 0.9 Br 
Never married 21.2 13.2 
Total No. 118 547 
Ethnic group (%) 
White 78.6 84.1] 
Black 19.7 13.2 
Hispanic 1.7 ain 
Oriental 0.0 0.6 
Other 0.0 0.0 
Total No. 117 547 
Age (yr) (%) 
14-20 21.2 10.6 
21-25 21.2 23.2 
26-30 28.0 41.2 
31-35 22.9 21.2 
>35 6.8 3.8 
Total No. 118 548 
Education (yr) (%) 
<12 20.3 9.7 
212 79.7 90.3 
Total No. 118 548 
Smoking (cigarettes/day) 
(%) 
None 62.7 72.8 
=10 19.5 15.5 
>10 17.8 11.7 
Total No. 118 548 
Alcohol consumption 
(ounces) (%) 
None 31.4 27.01 
=0.25 55.9 65.2 
>0.25 12.7 7.9 
Total No. 118 548 
Gravidity (%) 
l 32.2 29.6 
2 39.0 33.8 
3 17.0 21.7 
=4 11.9 15.0 
Total No. 118 548 


+4? Tests for association. 


The average length of the second stage of labor for 
primigravid women delivered vaginally ranged from 
61.1 to 86.3 minutes. Tests for linear trends showed 
significant linearity across the four quartiles (Table III). 
However, when the association between the quartiles 
and a prolonged second stage of labor was examined, 









Quartile 3: Quartile 4: Total Signif-cance 
26%-35% >35% (%) fes's* 


14.5 27.3 12.7 
28.9 30.3 24.6 
23.4 21.2 25.6 xis = 104.7 
19.3 12.7 19.3 p = 9.0001 
14.0 8.5 17.8 
565 165 1396 
2.7 3.4 2.2 
57.9 64.9 55.7 x2 = 22.13 
37.5 31.5 39.8 p = 0.009 
9.0 0.0 2.3 
565 165 1396 
86.5 74.6 83.1 
1.2 3.0 1.6 x2 = 20.9 
1.2 1.2 1.4 p = 0.013 
11.0 21.2 13.9 
564 165 1394 
88.1 79.4 84.7 
9.2 15.2 12.4 
2.3 4.2 9.4 Xe = 31.8 
0.4 0.0 0.4 p = 0.0015 
0.0 1.2 0.1 
565 165 1394 
9.4 15.8 11.6 
22.8 Sy ae | 23.9 Xn = 34.4 
42.1 33.9 39.6 p = 0,0006 
99.1 17.0 21.2 
3.5 1.2 3.7 
565 165 1396 
9.9 12.1 11.0 x2 = 12.4 
90.1 87.9 89.0 p = 0.006 
565 165 1396 
75.0 63.6 71.8 
13.6 18.8 15.5 x2 = 14.2 
11.3 17.6 12.8 p = 0.027 
565 165 1396 
95.3 30.9 27.2 
67.3 60.0 64.6 xz = 8.45 
7.4 9.1 8.2 p = 0.21 
565 165 1396 
39.3 37.0 34.6 
32.9 32.1 33.7 x2 = 19.62 
17.5 15.2 18.8 p = 0.02 
10.3 15.8 12.9 
565 165 1396 


there was no significant increase in the proportion of 
primigravid women with a prolonged second stage of 
labor (p = 0.28). 

Among multigravid women there was a significant 
increase in the duration of the second stage from the 
lightest to the heaviest quartile. The average length of 
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Table II. Complications of pregnancy by proportional weight gain 





Complication 


Gestational hyper- 
tensiont (%) 


Present 4,2 2.6 

Absent 95.8 97.5 
Total No. 118 548 
Preeclampsiat (%) 

Present 2.5 1.8 

Absent 97.5 98.2 
Total No. 118 548 
Vaginal bleeding (%) | 

Present 7.6 5.1 

Absent 92.4 94.9 
Total No. 118 548 


Quartile I: Quartile 2: Quartile 3: 
=15% 16%-25% 26%-3 5% 





Quartile 4: Total Significance 
>35% (%) tests* 


4.1 9.1 4.1 Z = 2.57 
95.9 90.9 95.9 p = 0.01 
565 165 1396 
4.3 7.0 | 3.6 Z= 3.5 
95.8 92.1 96.4 p < 0.003 
565 165 1396 
3.5 3.0 4.4 Z= -2.21 
96.5 97.0 95.6 p = 0.03 
565 165 1396 





*Significance test for linear trends in proportions. 


} Diagnoses based on criteria set by American College of Obstetricians and Gynecologists. 


Table III. Length of second stage of labor by proportional weight gain (vaginal deliveries only) 





Quartile 1: Quartile 2: 
Vaginal delivery <15% 16%-25% 
Average length in 61.1 + 42.6 76.1 + 49.6 
primigravid 
women (min) 
Total No. 18 101 
Average length in 34.4 + 34.5 39.2 + 35.7 
multigravid 
women (min) 
Total No. 48 242 
Length in multi- 
gravid women 
=] hr 81.3 80.6 
>1 hr 18.8 19.4 
Total No. 48 242 


Average values are mean + SD, 









Quariile 3: Quartile 4: Total Significance 
26%-35% >35% (%) tests* 


85.9 + 58.5 86.3 + 40.4 100.0 F = 4.07, 
1278 df 
130 30 279 p = 0.05 
42.5 + 41.4 57.8 + 54.2 100.0 F = 9.70, 
1570 df 
220 61 p < 0.003 
78.2 78.3 | 78.3 Z = 1.94 
21.8 32.8 21,7 p = 0.05 
220 61 571 


*F tests reflect significance tests for linearity. Tests for higher-order trends were not significant. Z tests reflect tests for linear 


trends in proportions. 


this stage ranged from 34.4 to 57.8 minutes. Women 
in quartile 4 were especially likely to experience a pro- 
longed second stage of labor (Table III). 

Complications of labor and delivery. Women in quartile 
4 were significantly more likely to undergo delivery by 
cesarean section and to experience significantly more 
deliveries complicated by cephalopelvic disproportion 
(Table IV). Women in this quartile did not have an 
increased incidence of obstructed labor, uterine inertia, 
or postpartum hemorrhage. 

When use of low forceps versus midforceps, un- 
specified type of forceps, and vacuum extraction com- 
bined was examined, we found high proportional 
weight gain significantly associated with greater use of 
the combined group (Table IV). 

Infant outcomes 

Delivery. Twelve infants in our study weighed =2500 


gm at birth, and a slightly higher proportion were born 
to women in quartile 1 as compared with the other 
quartiles. As would be expected, women gaining more 
than 38% of their prepregnant weight were delivered 
of the highest proportion of infants weighing more 
than 4000 gm. Tests for linear trends in birth weight 
of all infants were significant across the four quartiles 
(p < 0.001), and no higher-order trends were ob- 
served. 

Multigravid women in all quartiles were delivered of 
infants with higher average birth weights as compared 
with those of infants of primigravid women. However, 
tests for linear trends showed a significant increase in 
the size of the infant for both primigravid and muiti- 
gravid women across the four quartiles (Table V). 

Infants born to women in the heaviest quartiles cid 
not experience more fetal distress (p = 0.09), birth m- 
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Table IV. Complications of labor and delivery by proportional weight gain 





Quartile 1: Quartile. 2: 
<15% 16%-25% 
Mode of delivery (%) 
Vaginal 83.1 88.0 
Cesarean | 17.0 12.0 
Total No. . 118 548 
Disproportion (%) 
Present 3.4 4.2 
Absent -96.6 95.8 


Total No. l - 118 548 
Forceps deliveries and 
vacuum extraction (%) 


Low forceps 75.0 69.4 
Midforceps; un- 25.0 30.6 
specified forceps, 
vacuum ex- 
traction 
Total No. 28 108 


*Z tests reflect tests for linear trends in proportions. 


Table V. Infant birth weight by proportional weight gain 


Quartile 1: Quartile 2: 
=15% 15 %-25% 





Infant birth weight 


(gm) (%) 
2500 1.7 1.1 
2501-4000 94.9 90.0 
>4000 3.4 8.9 
Total No. 118 548 
Average infant birth 
weight (gm) 
(mean + SD) : 
Primigravid 3203.0 + 355.2 3339.8 + 388.4° 
woman 
Total No. | 30 140 
Multigravid 3298.4 + 429.1 3499.2 + 430.3 
women 
Total No. 68 . 342 


bey 3: Quartile 4: Total 
. 26%-35% >35% (%) 









Significance 


tests* 





83.2 79.4 84.6 Z= 217 
16:8 90.6 15.4 p = 0.03 
564 165 1395 
5.3 9.7 5.2 Z = 2.71 
94.7 90.3 94.8 p = <0.003 
565 . 165 1396 
62.3 56.8 65.4 Z = 1.94 
37.7 43.2 34.6 p = 0.05 
122 37 295 





Quartile 3: Quartile 4: Total Significance 
| 26%-35% >35% t 7%) tests™ 


0.4 1.2 0.86 


86.2 77.6 87.4 x; = 30.99 
p < 0.0001 
13.5 21.2 11.8 
565 165 1396 
3494.3 + 422.7 3464.1 + 409.8 100.0 F = 16.09 
1384 df 
175 40 . 385 p < 0.001 
3582.0 + 394, 8 3657.3 + 474.9 100.0 F = 31.46 
uO 1794 df 
294 — 91 795 p < 0.001 


*F tests reflect significance tests for linearity. Tests for higher-order trends were not significant. x? Tests for association. 


juries (p = 0.16), or l-minute Apgar scores <5 (p = 
0.21). Neonatal deaths and Apgar scores <5 at 5 min- 
utes occurred too infrequently for analysis. 

Multivariate analyses. To determine which maternal 
characteristics were associated with proportional weight 
gain, a multiple regression model was géneérated with 
proportional weight gain as the dependent variable. 
Education, maternal height, and gestational age were 
significantly associated with proportional, weight gain. 
In this model lower proportional weight gain was found 
more frequently among women with <12 years of ed- 
ucation and those delivered between 37 and 40 weeks’ 
gestation, while higher proportional weight gain was 
observed for short women. When marital status, smok- 
ing, ethnicity, maternal age, and gravidity were consid- 


+ 


ered simultaneously-in the model, they were no longer 
associated with proportional weight gain (Table VI). 

In order to determine the relative risks of gestational 
hypertension, preeclampsia, and prolonged second 
stage of labor attributable to proportional weight gain, 
multiple logistic regression models were fit to the data. 

The baseline models for gestational hypertension, 
preeclampsia, and proportional weight gain included 
the following variables: gestational age; gravidity, age, 
prepregnant weight, height, ethnicity (white versus 
other), marital status (currently married versus not 
married), length of education (<12 versus =12 years), 
smoking habits (<10 cigarettes daily versus none and 
210 cigarettes versus none), and proportional weight 
gain quartiles 1, 3, and 4 versus quartile 2. 
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Table VI. Parameter estimates, standard errors, and tests of significance for proportional weight ga_n 
during pregnancy from multiple regression model 





Parameter 

Intercept 0.578 0.06 

Age’. ~ 0.0010 0.0006 

Marital status PONE. 

. Currently married 0.026 0.019 
Divorced 0.053 0.025 
Never married 0.027 0.020 
Separated 0,0C0 

Education (yr) 
<12 ~ 0,019 0.008 

>12 0.000 

Smoking (cigårettes/day) E 
None — 0.005 0.007 
1-10 — 0.005 0.008 
>10 0.000 

Race- . 

White — 0.018 0.013 
Black — 0.030 0.014 
Other ` 6.000 

Height (inches) — 0.004 0.0009 

Gravidity 
l 0.003 0.007 
2. 3 ~ 0.007 0.007 
3 ~— 0.005 0.008 
4. 0.009 

Gestational age (wk) 

37 — 0.051 0.018 
38 — 0.056 0.018 
39 ~ 0,041 0.018 
40 ~ 0.037 0.018 
4} — 0.025 0.020 
42 0.000 

Baby’s sex 
Female ~ 0.005 0.004 
Male . 0.000 


0.0001 

I 0.08 3.08 0.0€ 

3 0.16 l 1.54 0.20 
0.03 
0.16 

l 0.02 5.2] 0.02 
0.48 

9 0.57 0.26 0.77 

9 0.19 9.37 0.09 
0.04 

l 0.0001 19.09 0.0091 
0.66 
0.37 1.4] 0.24 
0.44 

5 0.006 4.40 0.0086 
0.002 
0.02 
0.04 
0.13 

! 0.55 0.35 0.55 





The final model for gestational hypertension showed 
that women in quartile 4 had a 3.82 increased risk (95% 
confidence interval =.1.79 to 8.17) of becoming hy- 
pertensivé compared with those in quartile 2. White 
women were at twice the risk of other ethnic groups, 
but this was not significant (relative risk = 2.10, 95% 
confidence interval = 0.83 to 5.27). . 

After adjusting for age and gravidity, women in quar- 
tile 3 had more than twice the risk for preeclampsia 
(relative risk = 2.23, 95% confidence interval = 1.06 
to 4.66), while those in quartile 4 kad a fourfold in- 
creased risk (relative risk = 4.01, 95% confidence in- 
terval = 1.69 to 9.51). Risk was highest for young 
women and decreased with age {relative risk = 0.93, 
95% confidence interval = 0.88 to ).99 for each ad- 
ditional year). It was also highest for those deliveréd of 
their first babies and diminished with each additional 
pregnancy (relative risk = 0.58, 95% confidence inter- 
val = 0.40 to 0.85 for each successive pregnancy). 

Variables included in the early regression models for 
gestational hypertension and preeclampsia were also 
entered into the models for prolonged second stage of 


labor, with the addition of the infants’ sex and birth 
weight. Only women having vaginal deliveries were in- 
cluded in these analyses. The final model for the pri- 


‘migravid woman shows that risks were significant. y in- 


creased for those who were short (relative risk = 
0.75, $5% confidence interval = 0.65 to 0 86 for each 
inch), older (relative risk = 1.07, 95% confidence in- 
terval = 1.01 to 1.14 for each year), and those who 
were Celivered of heavier infants. Indeed, for every 
1000 gm of birth weight, the risk for a prolonged sec- 
ond stage increased 7.39 times (95% confidence inter- 
val = 3.37 to 16.2). Proportional weight gain was un- 
related to length of the second stage of labor for these 
women. 

Multigravid women in quartile 4 had a risk for a 
second stage lasting more than 1 hour that was almost 
two times greater than that of those in quartile 2 {rel- 
ative risk = 1.98, 95% confidence interval = 1.03 to 
3.76). Married multigravid women were at a lower risk 
than those currently unmarried (relative risk = (.41, 
95% confidence interval = 0.23 to 0.73). For multi- 
gravid women, height and the size of the infant weye 
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no longer significant risk factors. With each successive 
pregnancy the risk for a prolonged second stage di- 
minished (relative risk = 0.51, 95% confidence inter- 
val = 0.37 to 0.69). 

Since it was unclear how much of the difference be- 
tween primigravid and multigravid women was due to 
different definitions of a prolonged second stage of 
labor, we also examined a second stage of more than 
60 and more than 90 minutes for primigravid women. 
After we adjusted for maternal height, age, and infant 
birth weight, the size of the infant remained significant 
in both models: relative risk = 7.38, 95% confidence 
interval = 3.4 to 16.2 per 1000 gm for the 60-minute 
model and relative risk = 2.7, 95% confidence inter- 
val = 1.4 to 5.5 per 1000 gm for the 90-minute model. 
Short women were zt increased risk only in the 90- 
minute model (relative risk = 0.88, 95% confidence in- 
terval = 0.78 to 0.98). Proportional weight gain for pri- 
mugravid women was unrelated to the length of the 
second stage in both models. 


Comment 


Maternal weight gain during pregnancy has long 
been a controversial issue, due perhaps to the difficulty 
in determining what is “normal” for mother and infant. 
Hytten and Leitch? observed that the range of what is 
considered normal weight gain in pregnancy is very 
broad. In southern Connecticut the prevailing ap- 
proach to weight gain during pregnancy appears to be 
liberal, judging from the fact that the average gain 
among the women in this study was almost 33 pounds. 

Our data suggest that for most normally propor- 
tioned healthy women, gains between 16% and 25% of 
prepregnant weight are associated with fewer compli- 
cations of pregnancy, labor, and delivery. By consid- 
ering weight gain in terms of a proportion of prepreg- 
nant weight, we are able to develop a more precise 
picture of the impact of weight gain on women of dif- 
fering height than is possible by considering absolute 
weight gain. 

Different ranges of weight gain have been suggested 
as ideal, depending on the outcome of interest: up to 
30 pounds for reducing perinatal mortality,’ 27.5 
pounds for “best reproductive performance” in the pri- 
migravid woman,’ and 18 pounds for shorter labors, 
less toxemia, more infants of average birth weight, and 
best chance to regain prepregnant weight. These stud- 
ies generally include all women regardless of prepreg- 
nant weight or preexisting and concurrent disease.*’ 
Some studies exclude women who are delivered 
prematurely* ** or who have chronic hypertension or 
diabetes.* ° We are not aware of any studies that ex- 
amined the role of proportional weight gain in preg- 
nancy labor, and delivery in normally proportioned 
healthy women. 
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Excessive weight gain and obesity are known to be 
associated with gestational hypertension regardless of 
prepregnant stature. '° Thus our finding that women 
with a large proportional weight gain are more likely 
to develop gestational hypertension provides further 
support for this observation. While we found high pro- 
portional weight gain to be significar.tly associated with 
an increased incidence of preeclampsia, we do not be- 
lieve these gains in themselves cause preeclampsia. We 
cannot determine whether preeclampsia was preceded 
by sudden or gradual weight gain, nor do we know 
whether the gain was primarily fluid retention and 
therefore a byproduct of the disease itself. Since we 
excluded women with preexisting vascular disease, di- 
abetes mellitus, and those with multiple births, we elim- 
inated three of the possible precipitating causes of pre- 
eclampsia. We can only conclude from our data that 
high proportional weight gains and preeclampsia are 
associated in some as yet unknown way. 

The duration of the second stage of labor increased 
significantly with increasing proportional weight gain 
in our study. It was of interest that there were such 
differences in risk factors between primigravid and 
multigravid women for a prolonged second stage. It is 
perplexing that infant size does not affect the second 
stage for multigravid women. We are unaware of any 
clinical reasons. to explain why proportional gains 
greater than 35% would increase the risk only for mul- 
tigravid women. It may be that excessive weight gain 
impedes uterine performance in the same manner that 
it affects athletic prowess. Further study on the course 
of labor in a group similar to ours is necessary to clarify 
these findings. 

Use of Pitocin was significantly associated with high 
proportional weight gain (p < 0.003), but the data were 
collected in such a way that we could not distinguish 
between those who received Pitocin for induction of 
labor, “sluggish” labor, or other reasons. 

Since the largest proportional gains occurred in 
women <64 inches tall, these women may be having 
heavier infants than 1s ideal for their stature and, as a 
result, may be experiencing more deliveries with ceph- 
alopelvic disproportion. Friedman® reported more 
cephalopelvic disproportion in short women. 

In summary we have found that large proportional 
weight gain increases a woman’s risk for gestational 
hypertension, preeclampsia, and, for the multigravid 
woman, risk for a prolonged second stage of labor. 
Women gaining more than 35% of their prepregnant 
weight are also significantly more likely to experience 
deliveries complicated by cephalopelvic disproportion 
and to require cesarean sections, midforceps deliveries, 
or vacuum extractions. 

These findings do not provide evidence for a return 


` to the restrictive dietary philosophy ofa decade or more 


Shepard, Hellenbrand, and Bracken 


ago but rather suggest that the clinician consider ma- 
ternal weight gain in terms of a proportion of pre- 
pregnant weight, especially for healthy, normally pro- 
portioned women. Because of their increased body size, 
tall women are better able to assimilate additional 
weight. than women of short stature. Women <64 
inches tall who are at their maximum ideal weight when 
‘beginning a pregnancy may be better advised to gain 
closer to 16%, rather than 25%, of their prepregnant 
weight. 
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Predicting acute pelvic inflammatory disease: 


A multivariate analysis 
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A multivariate logistic regression analysis of patient symptoms and signs and laboratory findings 
associated with the diagnosis of acute pelvic inflammatory disease was performed with use of data from 
628 women who were Clinically diagnosed as having the disease for the first time at the University of 
Lund, Sweden. In 414 women (65.9%) ecute pelvic inflammatory disease was laparoscopically confirmed. 
We developed a mathematical model that correctly predicted 87.0% of the cases of acute pelvic 
inflammatory disease and had an overall correct classification rate of 75.6%. Variables that were good 
predictors of acute pelvic inflammatory cisease were purulent vaginal discharge, erythrocyte sedimentation 
rate 215 mm/hr, positive gonorrhea result, adnexal swelling on bimanual examination, and rectal 
temperature 238° C. Furthermore, we developed “mixed model |” and “mixed model Il,” which combine 
simple clinical parameters and laparoscopy in varying degrees. In mixed model | the sensitivity, specificity, 
and overall classification values were 93.%, 67.2%, and 84.5%; in mixed model Il these values were 
100%, 67.2%, and 89.2%. Use of relativaly simple and reproducible clinical parameters can identify those 
women who would most benefit from laparescopy to diagnose acute pelvic inflammatory disease. (Am J 


OssteT GYNECOL 1986;155:954-60.) 
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A clinically important degree of inaccuracy occurs in 


. the diagnosis of acute pelvic inflammatory disease. In 


a Swedish study in 1969 acute pelvic inflammatory dis- 
ease wads correctly dignosed in only 65% of 814 con- 
secutive cases admitted to the University Hospital, 
Lund, Sweden.' A poor correlation between the clinical 
diagnøsis of acute pelvic inflammatory disease ard the 
correct diagnosis was also reported in two other stud- 
es.”* The latter study confirmed acute pelvic inflam- 


Volume 155 
Number 5 


matory disease via laparoscopy in only 46% women who 
had a presumptive diagnosis of the disease. These stud- 
ies clearly demonstrate the high degree of error asso- 
ciated with the clinical diagnosis of acute pelvic inflam- 
matory disease. Some investigators have argued for a 
more comprehensive use of laparoscopy in women sus- 
pected of having acute pelvic inflammatory disease," * 
but in the United States in an era of increasing cost- 
containment policies and an estimated one million ep- 
isodes each year at a staggering cost of over $2.6 billion 
annually,’ this approach ts probably not feasible. 

Therefore, improved noninvasive and inexpensive 
diagnostic methods for acute pelvic inhammatory dis- 
ease are needed. In this study we used multivariate 
statistical procedures to model the diagnosis of this syn- 
drome to determine (1) which of the conventional 
symptoms and signs, or combination oi symptoms and 
signs, were the best predictors of acute pelvic inflam- 
matory disease and (2) how accurately a clinical diag- 
nosis can be made to approximate the laparoscopic di- 
agnosis. 


Methods 


Study population. The study population consisted of 
628 women who underwent laparoscopy to confirm a 
clinical diagnosis of acute pelvic inflammatory disease 
at the Department of Obstetrics and Gynecology, 
University Hospital, Lund, Sweden, between 1960 
and 1967! for their first clinical episode of the 
disease. 

Criteria for the clinical diagnosis of acute pelvic 
inflammatory disease. To establish the clinical diag- 
nosis of acute pelvic inflammatory disease, a woman 
had to present with acute lower abdominal pain and 
two or more of the following symptoms and signs: vag- 
inal discharge, fever >38° C, vomiting, menstrual ir- 
regularities, urinary symptoms, proctitis symptoms, 
marked tenderness of the pelvic organs upon bimanual 
examination, palpable adnexal mass or swelling, and 
erythrocyte sedimentation rate 215 mm/hr.' Twelve 
women did not fulfill these criteria but were still in- 
cluded in the study because of a history of long-stand- 
ing sterility and symptoms appearing after diagnostic 
curettage or pertubation. 

Criteria for the visual diagnosis of acute pelvic in- 
flammatory disease. .To establish the visual diagnosis 
of acute pelvic inflammatory disease, the following 
three signs had to be present: (1) pronounced hypermia 
of the tubal surface, (2) edema of the tubal wall, and 
(3) exudate on the tubal surface and from the fim- 
briated ends of the tube if they were patent. 

Statistical methods. The probability that a woman 
has acute pelvic inflammatory disease was assessed as 
a function of certain patient diagnostic variables with 
use of a multiple logistic regression analysis.’ The 
model is given by the following equation: 


a— 
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prob (APID | X1, X2,...,X7) = 

1/f1 + e@e7 (BO + BIXI + B2X2 +... SRO] 
where APID = acute pelvic inflammatory disease, 
X1 = purulent vaginal discharge, X2 = erythrocyte 
sedimentation rate >15 mm/hr, X3 = gonorrhea cul- 
ture result, X4 = adnexal swelling, X5 = rectal tem- 
perature >38° C, X6 = age, and X7 = marital status. 

The quantitative variable age was dichotomized as 
follows: 1 denoted age of =25 years and 0 denoted age 
>25. Similarly the variable marital status was reduced 
to a dichotomy (1 = currently single, 0 = all other). 
The X1 through X7 variables were selected because 
they were significantly (p = 0.001) associated with lap- 
aroscopically verified cases of acute pelvic inflammatory 
disease based on univariate analysis (2 X 2 contingency 
tables using x’ test). 

The logistic regression analysis was done on women 
who were clinically diagnosed as having acute pelvic 
inflammatory disease for the first time. Logistic regres- 
sion was chosen since, unlike the method of discrimi- 
nant analysis,® it requires no stringent distributional 
assumptions such as multivariate normality and con- 
stant varlance-covariance matrix. Furthermore, this 
model can be used to identify important diagnostic vari- 
ables as well as to predict the probability of “success” 
(the probability of acute pelvic inflammatory disease) 
as a function of the signs and symptoms for each 
woman. The regression coefficients are estimated with 
use of the maximum likelihood method.” Twenty-nine 
women for whom information on one or more predic- 
tor variables were missing were excluded from the lo- 
gistic regression analysis. 

Using the multivariate regression model, we next 
sought to test its accurracy by constructing a patient 
classification table. To measure the degree of discrim- 
ination, each patient’s data were entered into the 
regression model and a probability of at least 0.5 was 
taken as a cutoff point to predict acute pelvic inflam- 
matory disease, that is, a patient was classified as having 
acute pelvic inflammatory disease if according to this 
model her probability was 20.5. 

We developed three other models to further increase 
the percentage of correct predictions. After obtaining 
logistic probability estimates for various combinations 
of the seven diagnostic variables, we fitted first-order 
interaction terms to the model and then used two 
“mixed” models. In mixed model I the women with a 
probability of acute pelvic inflammatory disease be- 
tween 0.4 and 0.6 were classified according to their 
laparoscopic findings, with the rest classified according 
to the logistic regression model without interaction 
terms. In mixed model II the women with a probability 
of acute pelvic inflammatory disease <0.6 were classi- 
fied according to their laparoscopic findings and the 
rest classified according to the same logistic regression 
model. 
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Table I. Frequency of various symptoms as reported by the patients in the acute pelvic inflammatory 
disease and the visually normal groups (first-time pelvic inflammatory disease patients)* 


Laparoscopic diagnosis 


Acute pelvic 
inflammatory disease 
(n = 414) 











Symptoms 
Lower abdominal pain 411 99.3 135 98.6 NS 
Vaginal discharge 287 69.3 85 61.6 NS 
Temperature =38 C 142 34.4 34 24.6 0.05 
Irregular bleeding 165 40.0 54 39.1 NS 
Urinary symptoms 82 19.8 29 21.8 _ NS 
Vomiting 43 10.4 13 9.4 NS 
Proctitis symptoms 30 7.3 4 2.9 NS 
Other 33 8.0 8 5.8 NS 


*A similar table for all acute pelvic inflammatory disease episodes, including repeat episodes, was included in Jacobson and 
Westrom.! 


Table II. Frequency of various objective findings at admission in the acute pelvic inflammatory disease 
and the visually normal groups* 











Acute pelvic 
inflammatory disease 






Normal 





Clinical findings at admission p Values 


Bimanual examination 


Marked tenderness 395 95.4 128 92.8 NS 

Palpable mass or swelling 198 47.8 36 26.1 0.001 
Erythrocyte sedimentation rate >15 mm/hr 336 81.2 78 56.5 0.001 
Abdominal vaginal discharge 337 81.4 80 58.0 0.001 
Fever (38° C) 146 35.3 21 15.2 0.001 


*A similar table for all acute pelvic inflammatory disease episodes, including repeat episodes, was included in Jacobson and 


Westrom.! 


Results 


Acute pelvic inflammatory disease was suspected on 
clinical grounds in 628 women but was visually con- 
firmed in only 414 (65.9%). In 76 women (12.1%) the 
visual diagnosis revealed other non—acute pelvic in- 
flammatory disease disorders, and in the remaining 138 
women (22%) no disorder was diagnosed. Of the 76 
women who had an erroneous clinical diagnosis of 
acute pelvic inflammatory disease, the most frequent 
non—acute pelvic inflammatory disease disorders were 
acute appendicitis, pelvic endometriosis, intrapelvic 
hemorrhage, and ovarian tumor. 

The most frequently reported symptoms and signs 
for both the acute pelvic inflammatory disease and the 
visually normal groups were lower abdominal pain, 
vaginal discharge, and irregular menstrual bleeding 
(Table I). Except for elevated rectal temperature 
(p = 0:05), no statistically significant differences oc- 
curred in the distribution of symptoms and signs be- 
tween the acute pelvic inflammatory disease and the 


visually normal groups. Therefore, in general, symp- 
toms and signs as provided by these women were not 
helpful in discriminating women with acute pelvic in- 
flammatory disease from normal women. 

Eighty-one percent of women with acute pelvic in- 
flammatory disease had an elevated erythrocyte sedi- 
mentation rate and another 81% had purulent vaginal 
discharge (Table II). Statistically significan: differences 
(p < 0.001) were found between the two groups in the 
distribution of all objective findings, with acute pelvic 
inflammatory disease patients having a higher propor- 
tion oč objective findings than laparoscopically normal 
women, with the exception of marked tenderness on 
bimanual pelvic examination. 

We then ran eight logistic regression equations, using 
individual diagnostic variables and all of the seven vari- 
ables jointly (Table III). Results are based on the di- 
chotomized version of the independent variables. All 
seven predictor variables were statistically significant 
when used singly (Table ITI); however, age and marital 
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Table III. Logistic regression with use of single predictor variables and all variables combined* 


Logistic regression coefficients 


Erythrocyte Gonorrhea 
Regression sedimentation culture 
No. Discharge rate 215 results 
I 1.5698* 
2 1.36599* 
3 1.31603* 
4 
5 
6 
7 
8 1.5333* 1.3458* 0.9091* 
0.2187 0.2167 0.2447 


*Significant at 5% level with use’ of asymptotic normal test. 


}Coefficient standard error for regression No. 8. 


status do not retain their statistical significance when 
the logistic regression was performed on all seven of 
the variables. Based on the magnitude of the regression 
coefficients, it can be seen that purulent vaginal dis- 
charge is the strongest predictor of acute pelvic inflam- 
matory disease, followed by erythrocyze sedimentation 
rate >15 mm/hr and positive gonorrhea culture result. 
The presence of a purulent vaginal discharge increases 
the odds of acute pelvic inflammatory disease by 4.6- 
fold. A similar run was made with use of the quanti- 
tative (continuous) values for age, rather than the di- 
chotomous values with essentially the same result. 

The regression model without interactions correctly 
predicted 87.0% of patients who had a visual diagnosis 
of acute pelvic inflammatory disease (sensitivity = 
87.0%) but only 52.5% of those women ‘not having the 
diagnosis of acute pelvic inflammatory disease (speci- 
ficity = 52.5%) (Table IV). Despite low specificity, the 
model had an adequate overall correct classification 
rate of 75.6%. Furthermore, the false positivity rate of 
the clinical diagnosis is 33.1%, whereas the false posi- 
tivity rate of this model is 21.2%, an absolute error 
reduction of over 10%. 

The logistic probability estimates for various com- 
bination of the diagnostic variables (Table V) indicate 
that if a woman is positive for all seven of the predictor 
variables, then her estimated probability of acute pelvic 
inflammatory disease is 97%. Ifa woman is positive for 
all the variables except for purulent vaginal discharge, 
then her probability of acute pelvic inflammatory dis- 
ease is estimated to be 86%. If all the predictor variables 
are negative, then the probability of acute pelvic in- 
flammatory disease drops to 7%. 

To ensure that a useful interaction term had not 
been omitted, we fitted first-order interaction terms to 
the model. For the logistic regression model with in- 
teraction terms, a 75.8% overall correct classification 
rate was achieved. This was not a significant improve- 





Adnexal Marital 
MASS Fever Age status 
0.52740* 
0.26676* 
0.62 156+ 
0.74813* 
0.6646* 0.6602* 0.3992 0.3302 
0.2157 0.2247 0.2937 0.2807 


Table IV. Prediction of acute pelvic 
inflammatory disease based on the logistic 
regression model without interaction 






Pelvic inflammatory disease 
(diagnosed visually) 


Yes 349 94 443 
No 52 104 156 
Total 401 198 599 


False positive rate = 21.2%. False negative rate = 33.3%. 
Correct classification rate = 75.6%. Model sensitivity = 
87.0%. Model specificity = 52.5%. 


ment over the less parsimonious logistic regression 
model without interaction. Therefore we used the sim- 
pler model without interaction terms for our “mixed 
models.” 

The sensitivity and specificity values for the mixed 
model I were 93.0% and 67.2%, respectively (Table VI). 
The overall correct classification rate was 84.5%, a 9% 
improvement over the simple logistic regression model. 
Furthermore, the false positivity rate was 14.8%; this 
reduced the error by over 18% compared to the clinical 
diagnosis and an error reduction rate by more than 6% 
compared to the logistic model. Of the 599 women who 
had complete information on all the diagnostic vari- 
ables, 101 (16.9%) had a probability value between 0.4 
and 0.6 and therefore were classified according to their 
laparoscopic outcomes, whereas the rest were classified 
according to the model. 

Had we classified the 599 patients using mixed model 
II, the sensitivity, specificity, and overall classification 
rates would have been 100%, 67.2%, and &9.1%, re- 
spectively (Table VII). In mixed model IJ 212 women 
(35.4%) were classified according to their laparoscopic 
findings. Therefore by using laparoscopy in just one 
third of the women we would have achieved a perfect 
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Table V. Probability of acute pelvic inflammatory disease for various combinations of symptoms based on 


a logistic regression analysis with no interaction 














Variable Value of prediction variable 
Intercept = 20191 l l ] l l l l l 
Discharge 1.5333 0 0 0 l 0 l 0 l 
Erythrocyte sedimentation rate 1.3458 0 0 0 0 0 0 l J 
Gonorrhea culture result 0.9091 0 l l 0 l l i ] 
Adnexal 0.6646 0 0 0 0 l l l l 
Fever _ 0.6602 0) 0 0 ] 1 l l l 
Age 0.3992 0 0 l l l l l l 
Marital status 0.3302 0 0 l l l l l ] 
Probability (acute pelvic in- 0.07 0.17 (1.29 0.60 0.61 0.87 0.86 1.97 
flammatory disease) 
Table VI. Prediction of acute pelvic Table VIII. Distribution of the false positives 
inflammatory disease based on mixed model 1 under mixed model II 
Acute pelvic inflammatory Visual diagnosis % 
disease (diagnosed visually) 
Normal findings 5] 78.5 
Mixed Model I Acute appendicitis 5 7-7 
Pelvic endometriosis 2 3.1 
Yes 373 65 438 Corpus luteum l 15 
No 28 133 161 hematoma 
Total 40] 198 599 Ovarian tumor ] 1.5 
Chronic salpingitis ae 1.5 
False positive rate = 14.8%. False negative rate = 17.4%. Messentric lymphadenitis 2 3.4 
Correct classification rate = 84.5%. Sensitivity = 93.0%. Other 2 3.1 
Specificity = 67.2%. Total 65 100.) 


Table VII. Prediction of acute pelvic 
inflammatory disease based on mixed model I] 










Acute pelvic inflammatory 
disease (diagnosed visually) 







Mixed Model IT 


Yes 401 65 466 
No 0 133 133 
Total 401 198 599 


False positive rate = 13.9%. False negative rate = 0%. Cor- 
rect classification rate = 89.2%. Sensitivity = 100%. Specific- 
ity = 67.2%. 


sensitivity value and a high overall correct classification 
rate. Note that under mixed model [I we would always 
achieve a 100% sensitivity level, since the limited lap- 
aroscopy would eliminate the false negatives obtained 
under the logistic regression model. 

Sixty-five women were falsely diagnosed as having 
acute pelvic inflammatory disease under mixed model 
II. Fifty-one of these women (78.5% had normal find- 
ings, and 14 (21.5%) had other non—acute pelvic in- 
flammatory disease disorders (Table VIII). Of the 72 
women who had a clinical diagnosis of acute pelvic in- 
flammatory disease but a visual diagnosis of non—acute 


pelvic inflammatory disease disorders, 58 (80.6%) had 
a probability of <0.6, and therefore their appropriate 
non—acute pelvic inflammatory disease diagnosis would 
have keen identified. l 

Prediction outside estimation data. The usefulness 
of such a model should also be tested against an in- 
dependent set of data. To do this, we divided the 500 
observations from 1960 to 1967 into two groups. We 
used the first 418 observations from 1960 to 1965 to 
estimate the logistic regression model. We used the 181 
observations from 1966 to 1967 for classification and 
predictability and therefore did“not use them in the 
estimation of the model. 

The sensitivity, specificity, overall correct classifica- 
tion, and false positivity values improved as we succes- 
sively applied logistic regression model, mixed model 
I, and mixed model II, respectively (Table IX). The 
false positivity of the clinical diagnosis was 39.2%. 
Thirty-six patients (19.9%) had a probability of ecute 
pelvic inflammatory disease between 0.4 and 0.6 and 
therefore were classified according to their laparoscopic 
findings. When classified by mixed model II, a total of 
59 women (32.6%) had a probability value of having 
acute pelvic inflammatory disease S0.6, and they there- 
fore were classified according to their laparoscopic 
findings. 
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Table IX. Prediction of acute pelvic inflamniatory disease for the 1966-1967 data set based on the 


1960-1965 data set 


Acute pelvic inflammatory disease (visually diagnosed) 


Logistic model 
Yes 
No 


Mixed model I 
Yes 
No 


Mixed model II 
Yes 
No 


Comment 


Acute pelvic inflammatory disease is one of the most 
serious complications of sexually transmitted diseases. 
Every year an estimated one million women in the 
United States experience an episode of acute pelvic 
inflammatory disease"? (Centers for Disease Control. 
Pelvic inflammatory disease: epidemiology and trends 
in private practice, 1973-1982. Unpublished data from 
the National Ambulatory Medical Cave Survey.). Its 
treatment and sequelae absorb a sizable part of health 
care resources of many developing countries." In the 
United States alone the annual cost of acute pelvic in- 
flammatory disease is estimated to be from $1 billion 
<0 $2.6 billion.® * Acute pelvic inflammatory disease has 
long been known as one of the major causes of female 
infertility’* '* and increases a woman’s risk for chronic 
abdominal pain, ectopic pregnancy, and recurrent pel- 
vic inflammatory disease.’* '* In the United States an 
estimated 25,000 ectopic pregnancies and 90;000 new 
cases of chronic abdominal pain are attributed to acute 
pelvic inflammatory disease each year.” 

Despite its enormous medical and public health im- 


plications the clinical diagnosis of acute pelvic inflam- ' 


matory disease by clinical measures alone, even under 
the best of circumstances, has a high degree of inac- 
curacy; on the other hand, the gold standard, laparos- 
copy, is expensive and may have its own morbidity when 
performed by inexperienced clinicians. Our models 
combine simple clinical parameters and laparoscopy in 
varying degrees to predict which women should be sub- 
jected to the surgical procedure. The mixed models 
may potentially have great usefulness in countries, such 
as the United States, where laparoscopy is available and 
can therefore be applied in a limited and systematic 
manner. One of the advantages of this modeling pro- 
cedure is that the clinician can identify the right pop- 
ulation for laparoscopy in order to achieve a 100% 
sensitivity value as shown in mixed model II. 


Yes No 

97 38 135 
13 f 33 46 

110 71 181 

Yes No 

107 28 135 
3 43 46 

110 7) 18] 

Yes No 

110 28 138 
0 43 43 

110 71 18] 


Some caveats must be considered in the clinical ap- 
plication of these models. First, our data are derived 
from Sweden between 1960 and 1967 and may not be 
applicable everywhere, either because different patho- 
gens may be currently more important in other areas 
that, would change the clinical picture or because 
health-seeking behaviors are different. However, the 
modeling procedure can be replicated and the regres- 
sion coefficients reestimated with use of local data 
where they exist. Second, information on Chlamydia tra- 
chomatis, genital mycoplasms, and intrauterine device 
usage is lacking from our data; if we had more complete 
information on these variables, it is possible our models 
would have discriminated even better the group of 
women benefiting most from laparoscopy. 

Mathematical modeling may be helpful in a disease 
such as acute pelvic inflammatory disease, in which 
there is a sizable error in the clinical diagnosis. These 
models that we attempted to develop are not intended 
to replace clinical judgment but rather to complement 
the clinicians decision-making process. In certain cases 
the logistic regression model may provide an estimated 
probability value close to zero or one, so as to obviate 
the need for laparoscopy for the sole purpose of ex- 
amining the pelvic organs for evidence of acute pelvic 
inflammatory disease. In other situations the estimated 
probability of acute pelvic inflammatory disease may 
be close to the cutoff point (0.5) so that visual diagnosis 
is a necessity. Although our schemas do not circumvent 
the need for invasive procedures completely, we believe 
this approach could lead to improved accuracy in the 
diagnosis of acute pelvic inflammatory disease at a de- 
creased cost with less operative morbidity and fewer 
chronic sequelae. 


REFERENCES 


1. Jacobson L, Westrom L. Objectivized diagnosis of acute 
pelvic inflammatory disease: diagnostic and prognostic 


Hadgu et al. 


value of routine laparoscopy. AM J OBSTET GYNECOL 
1969; 105:1088-98. 

2. Farr C, Findlay R. Salpingitis: a detailed analysis based 
on the study of five hundred forty-five cases—January 
1914 to December, 1927, inclusive. Surg Gynecol Obstet 
1928;49:647-62. 

3. Chaparo M, Snehanshu G, Nasheal A, Poliak A. Lapa- 
roscopy for the confirmation and prognostic evaluation 
of pelvic inflammatory disease. Int ] Gynecol Obstet 
1978; 15:307-9. 

4. Sweet R, Mills J, Hadley K, et al. Use of laparoscopy to 
determine the microbiologic etiology of acute salpingitis. 
AM J OBSTET GYNECOL 1979;134:6&-74. 

5. Jacobson L. Differential diagnosis of acute pelvic in- 
flammatory disease. AM J OBSTET GYNECOL 1980;138: 
1006-11. 

6. Washington A, Arno P. Economic cost of pelvic inflam- 

_ matory disease: including associated ectopic pregnancy 
and infertility. JAMA 1986;255:1735-8. 

7. Cox D. The analysis of binary data. London: Methuen, 
1970. 

8. Anderson S, Auguier A, Hauck W, et al. Statistical meth- 
ods for comparative studies. 1980; John Wiley & Sons, 
New York. 


November 1986 
Am J Obstet Gynecol 


9. Walker S, Duncan D. Estimation of the probability of an 
event as a function of several independent variables. 
Biometrika 1967;54:167-79. 

10. Washington A, Cates W, Zaidi A. Hospitalization for pelvic 
inflammatory diseases: epidemiology and trends in the 
United States, 1975 to 1981. JAMA 1984;251:2529-33. 

11. The Johns Hopkins University. Infertility and sexually 
transmitted disease: A public health challenge. Popul Rep 
[L] July 1983. 

12. Curran J. Economic consequences of pelvic inflammatory 
disease in the United States. AM J OBSTET GYNECOL 
1980; 138:848-51. 

13. Hedberg E, Speyz S. Acute salpingitis: views on prognosis 
and treatment. Acta Obstet Gynecol Scand 1958;37: 
131-54. 

14. Westrom L. Effect of acute pelvic inflammatory disease 
on fertility. AM J OBSTET GYNECOL 1975;121:707-13. 

15. Westrom L. Incidence, prevalence and trends of acute 
pelvic inflammatory disease and its consequences in in- 
dustrialized countries. AM J OBSTET GYNECOL 1980;138: 
889-92. 





Computed tomography in evaluation of gynecologic 
malignancies: A retrospective analysis 
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Augusta, Georgia 


The results of preoperative computed tomography and operative findings were assessed retrospectively in 
52 patients with cervical, uterine, and ovarian neoplasms. Overall sensitivity and specificity for all disease 
states was 57% and 79%, respectively. Overall diagnostic accuracy was 69%. The use of computed 
tomography was felt to be helpful in evaluation of lymphadenopathy due to cervical cancer and in patients 
with suspected ovarian neoplasms. In uterine neoplasms, however, computed tomography did not add 


useful information. (AM J OSsteT Gynecot 1986;155:960-4.) 


Key words: Computed tomography, neoplasms of cervix, uterus, ovary 


Computed tomography has been advocated as a 
screening tool in evaluation of gynecologic malignan- 
cies because it is a noninvasive technique that may de- 
tect disease outside the realm of usual staging methods. 
Computed tomography has been used tn evaluation of 
retroperitoneal adenopathy, pelvic masses, and pri- 
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mary and recurrent ovarian malignancies and in some 
studies to monitor progression of disease during ther- 
apy.’ "* Although some authors** '*'!® have found com- 
puted tomography useful, the specificity and sensitivity 
were questioned in other series.”* '*? The purpose of 
this study is to compare our results using computed 
tomography with those of other series in the staging of 


‘ pelvic malignancies. 


Material and methods 

The study population was composed of patients ad- 
mitted to the gynecologic oncology service at the Med- 
ical College of Georgia from July 1, 1982, through April 


Volume.155 
Number 5 


Table I. Sites and stages 






II Ul, l 
Il, 7 

III Ill, C 
III, 2 

IV IV, C 
IVa ] 

Total 25 


1985. Eligibility for the study included those patients 
who had a pretreatment computed tomography scan 
followed by tissue confirmation of findings (operation, 
autopsy, percutaneous thin needle biopsy). Thirty-one 
percent of all gynecologic cancer patients were eligible 
for the study group. Some of the patients had multiple 
computed tomography scans during the course of treat- 
ment and/or follow-up; only the pretreatment scans 
were evaluated in this series. All operative procedures 
were performed by one of the gynecologic oncologists 
(O.E.T. or D.G.G.). Lymph nodes were evaluated by 
celiotomy, extraperitoneal lymph node dissection, or 
thin needle biopsy. Parametrial invclvement was eval- 
uated by examination with the patient under anesthesia 
and/or by celiotomy. 

All cases were presented to the joint gynecologic on- 
cology, radiation oncology, and pathology tumor con- 
ference where the histologic material and other diag- 
nostic studies were reviewed and the disease was ap- 
propriately staged by criteria of the International 
Federation of Gynecology and Obstetrics\(Table I). All 
patients had follow-up ranging frem 3 months to 3 
years. Data were obtained from tumor records, pa- 
thology reports, and radiation therapy records. 

Most of the computed tomography scans were per- 
formed with the GE 9800, a third-generation computed 
tomography scanner; the remaining few were done 
with either the older GE 8800 or the EMI 5005 scanner. 
Intravenous and oral contrast was used in 98% of the 
patients; vaginal tampons were also used to outline the 
vagina. Contiguous 1] cm thick sections were obtained 
through the abdomen and pelvis with a 3-second scan 
time. All computed tomography scans were interpreted 
by an attending radiologist (T.E.G.i at the time of the 
initial scan. Retrospective interpretations were also per- 
formed by one of the gynecologic cncologists (O.E.T.) 
without knowledge of the patient’s name and case his- 
tory. The combined readings of both reviewers were 
used in interpretation of the data. 

Ninety percent of scans were performed within 4 
weeks of proposed operation. The remainder of the 
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Uterine 
sarcomas 


(n) 









0 

0 

Ic I 

2 0 
0 9 
0 PA 
9 6 12 


patients had intervening radiation therapy before sur- 
gical exploration, autopsy, or fine needle aspiration. 
One patient initially refused operation but then con- 
sented, resulting in a 2-month delay between metastatic 
workup and therapy. 

The computed tomography diagnosis of lymph node 
enlargement was made in two areas: pelvic and para- 
aortic. Nodes were considered to be enlarged if they 
were >l cm in size. Parametrial infiltration was con- 
sidered to be present by blunting of tissue planes in the 
pelvis. Sensitivity and specificity were calculated as 
follows: 


True positive 


Sensitiyty = oaae 
i y True positive + false negative 
AN True negative 
Specificity = mee eee 5 — 
True negative + false positive 
Results 


A total of 62 patients were eligible for inclusion in 
the study. Of these 62, 10 were excluded because of 
poor-quality scans (some scans before 1984) or inability 
to locate old scans for retrospective interpretation. 
Thus 52 patients constituted the study group. 

- Cervix. In 25 patients with cervical cancer the overall 


false positive rate of interpretation of computed to- 


mography scans was 19%, and the false negative rate 
was 10%. Overall sensitivity was 79%, and specificity 
was 70% (Table II). One patient with a clinical Stage 
IB cervical carcinoma and a normal computed tomog- 
raphy scan who underwent radical hysterectomy was 
found to have microscopic metastases to the pelvic 
nodes and parametria. 

Uterus. The overall computed tomography false pos- 
itive rate for nine patients with adenocarcinoma of the 
endometrium was 11%, the false negative rate was zero, 
sensitivity was 100%, and specificity was 88% (Table IJ). 

Computed tomography evaluation of six patients 
with a preoperative or postoperative diagnosis of uter- 
ine sarcoma had an overall false negative rate of 22% 
and a false positive rate of zero. Sensitivity was.20% ~ 


“~a 
t ka 
wee eee * 


A * 
2 > ` 
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Table II. Cervix/uterus: correlation of 
computed tomography scans and operative 
findings by site 






S@TCOMAS 


(%) 


Para-aortic 


nodes 

False positive 12 0 0 
False negative 21 0 33 
True positive 21 0 0 
True negative 46 100 67 
Sensitivity 50 ü 0 
Specificity 79 100 100 

Pelvic nodes 
False positive 9 1] 0 
False negative 9 0 17 
True positive 48 22 17 
True negative 34 67 66 
Sensitivity 85 100 50 
Specificity 80 86 100 
Parametrium 

False positive 36 22 0 
False negative 0 Q 17 
True positive 44 0 0 
True negative 20 78 83 
Sensitivity 100 0 0 
Specificity 36 78 100 


and specificity was 100% (Table I1). In one patient with 
uterine sarcoma, a benign interpretation of the com- 
puted tomography scan was made by both reviewers. 

Ovary. Twelve patients with ovarian neoplasms were 
evaluated by computed tomography. In eight patients, 
malignancy was ‘suspected by computed tomography; 
one of these eight patients was discovered to have a 
huge mature teratoma with glial implants in the omen- 
tum and para-aortic nodes. Two of 12 patients with 
verified ovarian malignancy were thought to have a 
benign pelvic mass by computed tomography. Nine pa- 
tients had ascites present at operation ir amounts rang- 
ing from 50 to 10,000 ml. Ascites was detected by com- 
puterized tomography in four patients with a large vol- 
ume of ascites. Ascites was not diagnosed by computed 
tomography in five patients with small amounts of as- 
cites (50 to 250 ml). One patient had the appearance 
of massive ascites on computed tomography when, in 
fact, the abnormal computed tomography attenuation 
was found at operation to represent only 100 ml of 
fluid and a huge mature ovarian teratoma. 

All 12 patients with ovarian neoplasms had a pelvic 
mass at operation. In two patients with large volumes 
of ascites, a pelvic mass was not detected by the com- 
puted tomography scan. Omental cakes were diagnosed 
by compted tomography scan in four of five patients. 
There was one false positive diagnosis of an omental 
cake. Five patients had extensive bowel involvement at 
operation (implants >3 cm). In only one of these pa- 
tients were these implants detected by computed to- 
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mography. Inguinal adenopathy was detected re:ro- 
spectively on computed tomography in two patients. 
One of these patients had histologically established in- 
guinal metastases. No implants <3 cm were diagnesed 
by computed tomography (Table III). 

Overall sensitivity and specificity, when combined 
readings were used for all disease states, was 57% and 
79%, respectively. Overall diagnostic accuracy was 69%. 


Comment 


Cervix. Previous studies of computed tomography 
scans and cervical cancer have found a false positive 


‘rate for para-aortic adenopathy from 0% to 9% anda 


false negative rate of 6.3% to 24%. Sensitivit-es ranged 
from 60% to 80% and specificities from 86% to 
100%." Our study revealed a computed tomography 
false positive rate of 12%, a false negative raze of 21%, 
a sensitivity of 50%, and a specificity of 79%. The false 
positive rate of 12% and the false negative rate of 2.% 
are within the range of previously published series 
(Table I'V)'® and emphasize the need for more zd- 
vanced techniques of noninvasive evaluation of para- 
aortic nodes. 

Table V compares our results for detection of pelvic 
lymphadenopathy by computed tomography with re- 
sults of other recent series. The results of our study 
are within the range of other published series.**:” al- 
though the sensitivity and specificity are better for pel- 
vic adenopathy than for para-aortic adenopathy in oar 
series, we feel that techniques for noninvasive evalua- 
tion of pelvic nodes also need improvement. 

Evaluation of parametrial infiltration revealed a com- 
puted tomography false positive rate of 36% and a rete 
of true prediction of 64%. This is comparable to resu!ts 
in the study by Grumbine et al.,” in which 58% of com- 
puted tomography scans were accurate for parametr al 
infiltration. However, 92% of their patients had accu- 
rate evaluation of the parametria by clinicel staging 
only.’ In our study 96% of patients had correct stagirg, 
but all of these patients were examined while under 
anesthesia. Examination with the patient under anes- 
thesia greatly improved the ability to accurately detect 
parametrial extension. Computed tomography appears 
to add little in evaluation of parametrial extension n 
these patients. | 

Uterine neoplasms. Computed tomography was 
evaluated in nine patients with endometrial carcinoma 
to primarily evaluate retroperitoneal adenopathy ard 
parametrial infiltration. The overall false negative ra:e 
was zero in this small number of patients. Other prog- 
nostic factors, such as myometrial invasion ard tumor 
grade, are directly related to tumor spread and there 
cannot be assessed by computed tomography. Since tre 
majority of patients with endometrial cancer will Le 
operated on, computed tomography appears to be of 
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Table III. Ovary: Correlation of computed tomography and operative findings by site 


a ie Tumor mass Ascites Omentum Peritoneum Bowel Liver 
(%) (%) (%) (%) (%) (%) 
False positive 
False negative 86 17 33 3 67 58 0 
True positive 26 83 33 33 0 9 0 
True negative 31 0 25 17 25 33 83 
Sensitivity 42 83 50 44 0 13 0 
Specificity 81 0 75 67 75 100 83 
Table IV. Previously published series of pathology and computed tomography scan omen for para- 
aortic lymph nodes in cervical cancer 
Bandy etal! | Villasanta et al. | Photopoulos et al. | Whitley et al.‘ | Brenner et cl.’ | Medical College 
(%) (%) (%) (%) (%) of Georgia (%) 
No. of patients 44 20 25 
True positive 20 24 35 19 20 21 
True negative 66 60 4] 69 65 46 
False positive 6.8 9.5 0 6.3 5 12 
False negative 6.8 7.1 24 6.3 10 21l 
Sensitivity 75 77 60 80 67 50 
Specificity 91 86 100 92 92 79 


Table V. Previously published series of pathology and computed tomography scan correlations for pelvic 


lymph nodes in cervical cancer 


No. of patients 1G 7 
True positive 20 14.5 
True negative 60 71 
False positive 20 14.5 
False negative Q 0 
Sensitivity 100 100 
Specificity 15 83 


limited value in preoperative evaluation. In six patients 
with uterine sarcomas, a false negative rate of 22% is 
unacceptably high and emphasizes the inaccuracy of 
computed tomography as a diagnostic tool in such pa- 
tients. 

Ovarian neoplasms. In patients with ovarian tumors, 
malignancy was correctly predicted in 64%. In a study 
by Sommer et al.,? computed tomography and ultra- 
sound were correct in characterizing pelvic masses in 
approximately 67% of cases. In our study, ascites was 
diagnosed correctly by computed tomography scan 
only in patients with moderate to large volumes of as- 
cites. Brenner et al." also reported one case where com- 
puted tomography failed to detect 75 ml of pelvic as- 
cites. However, Johnson et al." reported that even min- 
imal ascites was detectable. Conversely, pelvic masses 
were not detected in two patients with massive ascites 
in the present series. Ascites may mask pelvic masses. 
Johnson et al." stated that “attenuation values of ovar- 
ian cystic fluid and ascites may be similar and it may 
not be possible to delineate a cystic tumor which is 


Medical College 
of Georgia 

24 25 

0 4} 
71 3-4 

4 9 
25 9 

0 85 
94 89 


surrounded by ascites.” Omental cakes were diagnosed 
correctly in 80% of our patients, similar to results re- 
ported by other investigators.'™®'? In the present study 
bulky tumor implants >3 cm were not diagnosed in 
80% of the patients, and no implants <3 cm were de- 
tectable by computed tomography. These results are 
not different from those of other reports.’* 1% 13 

In summary, the use of computed tomography may 
be of help in evaluating some patients with cervical 
cancer who have retroperitoneal adenopathy. Detected 
nodes may be pathologically assessed by percutaneous 
needle biopsy, thus avoiding laparotomy if the results 
are positive. Negative results in the presence of sus- 
picious nodes mandate surgical staging, since the 
false negative rate in major series ranges from 6.3% to 
25%.'*+ 7 Furthermore, computed tomography scan- 
ning would not be of use in the patients with apparently 
negative nodes with microscopic metastases. Computed 
tomography adds little in evaluation of parametria, and 
computed tomography scans are probably not helpful 
in evaluation of uterine neoplasms. Computed tomog- 
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raphy may be helpful in evaluation of some patients 
with suspected ovarian neoplasms but cannot replace 
surgical exploration. It has also been helpful in man- 
agement of patients with evidence of meiastatic omen- 
tal or upper abdominal disease and identifies the pa- 
tient who will need upper abdominal tumor-reductive 


surgery. 
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Radical hysterectomy as therapy for early carcinoma of 


the cervix 


William T. Creasman, M.D., John T. Soper, M.D., and Daniel Clarke-Pearson, M.D. 


Durham, North Carolina 


During a 13-year period, 268 radical hysterectamies and pelvic lymphadenectcmies were performed for 
Stage IB and IIA carcinoma of the cervix at Duxe University Medical Center. Fifteen percent of patients 
had lymph node metastasis. Substage, histologic features, grade, capillary-like space involvement, and 
lesion size did not appear to affect nodal status. Survival was related to lymph node metastasis, status of 
surgical margins, and lesion size. Judicious use of radiation therapy after hysterectomy may have 
improved survival in high-risk patients. Thera does not appear to be any contraindication to operation in 
this group of patients as long as the condition is deemed medically operable. (Am J OBSTET GYNECOL 


1986;155:964-9.) 


Key words: Radical hysterectomy, carcinoma of cervix, early 


Early cancer of the cervix has the luxurv of two com- 
parable treatment options. For several decades, pro- 
ponents of radiation therapy and radical operation 
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have argued for their therapy as the treatment of 
choice. Survival is similar between the two methocs. 
Complications are different but numerically similar. 
Those favoring radiation therapy state that patierts 
treated with operation are a selected population prob- 
ably representing earlier lesions and younger patier ts 
who should do better than the entire population. On 
the other hand, gynecologists have suggested that o9- 
eration allows preservation of ovarian function as well 
as better vaginal integrity and health. 

When feasible, the Gynecologic Oncology Division at 
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Fig. 1. Five-year survival related to lymph node status after radical hysterectomy. 


Table I. Stage at radical hysterectomy 





Patients 


IB (occult) 74 28 
IB 34 12 
ICc* 150 56 
IIA 10 4 


*Lesion occupying greater than one quadrant of the cervix. 


the Duke University Medical Center is committed to 
the surgical approach in this disease entity. Historically 
it has had significant experience with radical operation 
in the treatment of early carcinoma of the cervix.’ Its 
experience during a 13-year period has been exten- 
sively studied and will be partially reported here. 


Material and methods 


All patients who underwent radical hysterectomy and 
bilateral pelvic lymphadenectomy for Stage IB and HWA 
carcinoma of the cervix between September 1970 and 
December 1983 were included in this study. Medical 
records, operative notes, pathology reports, and out- 
patient records were retrospectively reviewed. All pa- 
tients with microinvasive carcinoma (disease <3 mm of 
invasion and without capillary-like space involvement) 
were excluded from this analysis. For the current re- 
port, attention was focused on the clinical (Interna- 
tional Federation of Gynecology and Obstetrics) stage 
of disease, the size and distribution of the lesion on the 
cervix, histologic type and grade of the tumor, status 
of surgical margins and lymph node metastasis, and 


Table II. Positive nodes 







Patients 
Positive 
nodes 





None 228 85 
I 21 8 

2 1] 4 

= 3 8 3 





IB (occult) 9/74 12 
IB 3/34 9 
IC* 24/150 16 
HA 1/10 10 


*Lesion occupying greater than one quadrant af the cervix. 


notation of vascular or lymphatic involverrent of the 
primary tumor. Adjunctive postoperative therapy with 
radiation was also recorded. 

Correlation between these variables was attempted 
and statistical significance was determined with the use 
of x? or Fisher’s exact test as indicated. Survival was 
evaluated by life-table analysis. 


Results 

Two hundred sixty-eight patients with carcinoma of 
the cervix underwent radical hysterectomy and bilateral 
pelvic lymphadenectomy during the study period. The 
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Fig. 2. Five-year survival related to differentiation of the cancer after radical hysterectomy. 


Table IV. Grade versus lymph node metastasis 






Positive nodes 


Differentiation 





Well differentiated 14/113 12 
Moderately differentiated 12/91 13 
Poorly differentiated 10/59 17 
Undifferentiated 1/3 33 


age range of the patients was from 17 to 70 years with 
a median of 40 years. Table I depicts the distribution 
of stage of disease. 

The number of nodes removed was as high as 83 
with a mean of 29. Forty patients (15%) had at least 
one lymph node exhibiting metastasis, and 19 (7%) had 
two or more lymph nodes involved (Table II). The most 
common nodes involved were those of the obturator 
chain with 28 (11%) patients having metastasis to these 
nodes. Six (3%) patients had either common iliac nodes 
or para-aortic node metastasis. Lymph node metastasis 
was relatively constant among the substages treated 
(Table III). Twenty-one (8%) patients had only one 
node involved, five (2%) had multiple unilateral in- 
volvement, and 14 (5%) had bilateral node metastasis. 
Survival was related to lymph node status (Fig. 1). It 
should be noted that even with bilateral nodal metas- 
tasis a 5 year survival >60% was achieved. 

Thirty-four (13%) patients had adenocarcinoma. 
Lymph node metastasis was similar in adenocarcinoma 
(12%) and squamous cell carcinoma (14%). Survival for 
the two histologic variants was essentially the same. 

There were 113 (42%) patients with well-differen- 
tiated, 91 (33%) with moderately differentiated, and 59 
(22%) with poorly differentiated cancers. Three pa- 


Table V. Vascular-lymph involvement versus 
lymph node metastasis 





Vascular-lymph 
involvement 






Negative 31/200 15 
- One positive 6/18 33 
Unilateral multiple positive 2/5 40 
Bilateral positive 2/12 16 


tients were said to have undifferentiated tumors. Small 
cell tumors were placed in this category. Except for 
undifferentiated cancers, lymph node metastasis was 
essentially the same for well-, moderately, and pocrly 
differentiated cancers (Table IV). Survival was essen- 
tially the same regardless of the differentiation of zhe 
tumor (Fig. 2). 

Forty-one (15%) patients had capillary-like space in- 
volvement. This was noted on the original pathology 
report and not retrospectively evaluated. Those 3a- 
tients having unilateral single and multiple nodes kad 
a greater chance of having capillary-like space involve- 
ment than those without nodal metastasis (Table V). 
Interestingly those patients with bilateral positive nodes 
had essentially the same incidence of capillary-I.ke 
space involvement as did those without nodal metas- 
tasis. The findings of capillary-lke space involvement 
did not significantly decrease survival when compared 
with that of those without capillary-like space involve- 
ment (Fig. 3). 

Fifteen (5%) patients had microscopic tumor at the 
surgical margins of the hysterectomy specimen. The 
status of the surgical specimen in regard to tumor cr- 
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Fig. 3. Five-year survival related to status of capillary-like space involvement after radical hyster- 


ectomy. 
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Fig. 4. Five-year survival related to status of the surgical specimen after radical hysterectomy. 


related with the incidence of positive nodes (Table VI). 
This was also true of survival (Fig. 4). 

Lesion size is detailed in Table VII. Ninety-nine 
(37%) patients had large lesions involving the entire 
cervix. Twelve had lesions >6 cm in size. The incidence 
of lymph node metastasis varied with the size of the 
lesion but a linear correlation was not present (Table 
VIII). Occult disease carried a 13% incidence of lymph 
node metastasis. Interestingly only 16% of patients had 
nodal metastasis when the whole cervix was involved. 
Survival did correlate with the size of the lesion 
(Fig. 5). If disease was occult or limited to less than 


four quadrants of the cervix, =93% of these patients 
survived 5 years. 

Fifty-seven patients had some type of postoperative 
radiation therapy, usually external. Radiat.on was in- 
dividualized and usually based on “close” or micro- 
scopically positive margins as well as positive lymph 
nodes in many patients. 


Comment 

The incidence and death rates of cancer of the cervix 
have decreased considerably during the last several de- 
cades. If the 1970 rates had remained constant during 
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Fig. 5. Five-year survival related to size of the lesion after radical hysterectomy. 


Table VI. Specimen status versus lymph node 
metastasis 





Pesitive nodes 






No cancer 1/29 3 
Margins free 31/224 14 
Positive margins 5/15 33 


Table VII. Lesion size: radical hysterectomy 


Patients 

Size No. % 
Occult 77 29 
<1 quadrant 15 5 
1-<2 quadrants 1] 4 
2-<3 quadrants 47 17 
3-<4 quadrants 19 7 
Full cervix 72 27 
4-6 cm 15 6 
<6 cm 12 5 


the ensuing decade, 29,000 more women would have 
developed cervical cancer in the United States and some 
9000 would have died of disease.” This improvement 
(particularly in the Western world) has been due to 
the increased screening of women with the Papanico- 
laou smear. However, appreciable numbers of adult 
women in the United States have not been cytologically 
screened even once. This remains a major medical and 
sociologic dilemma. All screening studies have shown 
a decrease in far-advanced lesions and an increase in 
early-stage disease and cervical intra-epithelial neopla- 
sia in the population evaluated. If a screened patient 


Table VIII. Lesion size versus lymph node 
metastasis 





Positive nodes 


Occult 10/77 13 
]-<2 quadrants 2/26 8 
2-<5 quadrants 4/47 9 
3-<4 quadrants 4/19 21 
Full cervix 13/72 18 
4-6 cm 1/15 6 
<6 crn 2/12 16 


develops cancer of the cervix she lives considerably loa- 
ger than the unscreened patient. This usually relates 
to the stage of the disease when the diagnosis is made. 
As screening is increased there would be more and 
more patients with early-stage disease identifisd; many 
of these would be young and would benefit from radical 
operation. 

In the recent literature there has been a suggestion 
that certain high-risk factors in Stage I carcinoma df 
the cervix make radiation therapy the treatment >f 
choice. The most widely discussed has been the size of 
the lesion. Data have noted a decreased survival wich 
radical operation in patients with large lesions. The 
implications are that radiation therapy has a better 
chance of cure. Shingleton et al.,° in their article on 
adenocarcinoma of the cervix, reported a lower survival 
with large lesions and recommended radiation therapy 
but gave no data to show it is better. In the Ciscussion 
of their article that recommendation was extended to 
include squamous lesions, again with no data to shcw 
the superiority of radiation therapy in the pazient wich 
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a large lesion. Recently the radiation therapy literature 
has begun to address lesion size. Fletcher* noted sig- 
nificantly worse survival rates in patients with large le- 
sions (>6 cm) in both Stage IB and Stage II disease 
when compared with lesions <6 cm. Montana et al.* 
noted that patients with large lesions (>4 cm in di- 
ameter) did not have as good a survival as patients with 
smaller Stage I tumors treated with radiation therapy 
(23% treatment failures versus 13% treatment, respec- 
tively). Kapp et al.,° in reporting their experience with 
radiation therapy in Stage I carcinoma of the cervix, 
noted approximately a 90% disease-free survival at 5 
years if the tumor was <3 cm in size versus 75% survival 
if the tumor was >3 cm (p = 0.006). Our patients with 
lesions >6 cm had a 5-year survival. of 66% and those 
with a full cervix or lesion 4 to 6 cm had an 82% sur- 
vival. These results appear at least comparable to those 
published for radiation therapy. 

It is true that some of our patients did have post- 
operative radiation therapy but less than one third re- 
ceived combined treatment, even with disease involving 
the entire cervix. The initial surgical therapy allows a 
more individualized approach to the patient; thereby 
combined therapy is used more judiciously. To treat 
out of hand all large lesions with radiation therapy 
alone does not appear to be justified. 

Lymph node meiastasis is well recognized as a poor 
prognostic finding. Our data substantiate this infor- 
mation in the literature. The current series does note 
a marked improvement in survival of patients with pos- 
itive nodes when results are compared with those of 
previous studies from our institution.’ The current 
study notes that with negative nodes 5-year survival is 
91%, dropping to 81% if one node is involved, 75% 
with multiple unilateral nodes, and 66% if bilateral pos- 
itive nodes are present (Table I). Parker et al.’ noted 
essentially the same overall survival but only a 62% 
survival at 5 years if positive nodes were present. 
Thirty-one of our 37 patients with positive nodes did 
receive radiation therapy. Certainly for most of the 
study period our philosophy was to give postoperative 
radiation therapy if positive nodes were present. Every 
effort was made to remove all grossly involved nodes. 
More recently, particularly if only one node is involved, 
radiation therapy has not been used routinely. The role 
of postoperative radiation therapy in patients with lim- 
ited nodal involvement has not been established. In 
1981 this item was discussed in a panel presentation at 
the meeting of Society of Gynecologic Oncology. In the 
uncontrolled data presented, survival was essentially 
the same in patients with positive lymph nodes irre- 
spective of whether postoperative radiation was given.’ 
The Gynecologic Oncology Group is currently inves- 
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tigating the role of radiation therapy in a prospective 
randomized study. 

Initially only young patients with early disease were 
treated with radical operation. The rationale for this 
approach was the ability to preserve ovarian function 
and obtain a high cure rate. As time progressed, the 
reason to eliminate “large” lesions limited to the cervix, 
as some have suggested, did not appear convincingly 
enough to abstractly treat solely with radiation. There- 
fore patients were not excluded on the basis of size of 
lesion only. Also during this experience the patient’s 
age became less of a discriminating factor. If ovarian 
function is an important consideration in the premen- 
opausal patient, should not good vaginal health in the 
postmenopausal patient also be cf concern? We have 
been impressed, particularly in the postmenopausal pa- 
tient,- that vaginal integrity after operation is consid- 
erably better than after radiation therapy. Although 
local and systemic estrogen replacement therapy as well 
as vaginal dilators is of some benefit in patients after 
radiation, the pliability and functional aspect is still not 
optimal. It is not unusual after radiation for the post- 
menopausal sexually active patient to stop sexual func- 
tion because of changes from radiation that have led 
to sexual dysfunction. As a result, age by itself has not 
been a discriminating factor in deciding therapy of 
choice. Many patients in their 50s, 60s, and even 70s 
tolerate the operation very well and remain sexually 
active after definitive therapy. 

Radical operation very definitely continues to have a 
place in our treatment scheme for patients with Stage 
IB and JIA carcinoma of the cervix. It seems particu- 
larly appropriate for the young patient in whom many 
years of ovarian function can be preserved. Older pa- 
tients may also benefit from operation. A large lesion 
by itself does not appear to be an absolute contrain- 
dication to operation. 
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Biochemical identification of the mucus of pseudomyxoma 
peritonei as the basis for mucolytic treatment 


Fritz K. Beller, M.D., Reinhold E. Zimmerman, M.D., and Heinrich Nienhaus, M.D. 


Münster, West Germany 


Two cases of pseudomyxoma peritonei are presented. The gelatinous mucus was biochemically analyzed. 

The mucus contained approximately 98% protein and 2% to 5% carbohydrate per unit of dry weight. The 

predominant carbohydrate components were galactose and mannosamine. The mucus also had 

thromboplastic activity. Because of these findings, dextran sulfate, at concentrations between 2% and 
10%, was instilled into the abdominal cavity and caused lysis of the mucus. ene J OBSTET GYNECOL 


1986;155:970-3.) 


Key words: Pseudomyxoma peritonei, biochemical analysis of mucus, treatment with 


dextran sulfate, mucolytic treatment. 


Mucinous cystadenomas compose about 20% of all 
benign ovarian neoplasms."** In 1964, Selye* reported 
more than 100 cases. In 2% to 5% of patients, massive 
accumulations of gelatinous material are present. This 
results in a death rate greater than 60%, > despite the 
benign appearance of the cells, a lack of metastasis, and 
a good response of the cells to chemotherapy. The pa- 
tients are usually between 50 and 70 years of age.>®7 
Present treatment, including operation, radiation, and 
intra-abdominal instillation of radioactive material, nae 
yielded disappointing results. 

Our study represents the first attempt at biochemical 
identification. of the mucus. On the basis of these find- 
ings treatment was performed by intra-abdominal in- 
stillation of a mucolytic agent in patients with mucinous 
cystadenomas. 


Case reports 


Case No. 1. The postmenopausal, para 1 patient, 
born in 1922, was admitted in May 1978, with symp- 
toms of bowel obstruction. Her past history revealed 
an ovariectomy 4 years previously pertormed because 
of benign pseudocystadenoma. She first observed en- 
largement of the abdomen 3 months previously. Pseu- 
domyxoma peritonei was diagnosed on laparoscopy in 
another hospital. On admission the patient was cachec- 
tic and a distended abdomen was obvious. A multi- 
locular pseudomucinous cystoma was found on lapa- 
rotomy. There were dense adhesions involving the 
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small and large bowel, and the entire abdomen was 
filled with gelatinous mucus that was difficult to ve- 
move. The cervix indicated a previous supracervizal 
hysterectomy. The omentum was partially resected. 
Histologic analysis revealed infiltration of z well-dif- 
ferentiated mucus-producing i adenocarcinoma (Figs. 1 
and 2). In an attempt to stop mucus production, we 
instilled radioactive gold intra-abdominally, as de- 
scribed by Méhlen et al. without any beneficial effect. 
At a second-look laparotomy 6 months later, derse 
adhesions were again evident and removal of the ge- 
latinous mucus was not achieved. 

The patient was readmitted in September 1980. On 
pelvic examination, ultrasonography, and computer- - 
ized tomography, a tumor was identified behind the 
cervix. Four courses of chemotherapy were admims- 
tered with a regimen of high-dose cisplatin, doxorcb- 
icin, and cyclophosphamide. Attempts to remove the 
gelatinous mucus surgically, in September 1981, and 
by instillation of glucose, in October 1981, failed. 
Computerized tomography revealed progression of the 
tumor. l 

Biochemical examination of the mucus was started 
in February 1982. According to our pre lnunary find- 
ings on biochemical analysis of the mucus, < 10% so- 
lution of dextran sulfate was thought aiea for lysis 
of the mucus. Subsequent instillation of 500 ml of a 
10% solution of dextran sulfate allowed the removal of 
1800 ml of mucus approximately 12 hours later. Al- 
though this procedure was successfully repeated at a 
later time, the patient died 3 years after initial dextran 
sulfate therapy with symptoms of ileus. 

Case No. 2. On admission in January 1984, this 65- 
year-old para 3 patient presented with gross enlarge- 
ment of the abdomen. Ultrasonography revealed a 
polycystic tumor of the left adnexa and liver metastasis. 
On laparotomy 3000 ml of slightly bloody ascites was 
removed. Within the omentum grapelike cystic tumcrs 
were found to cover the serosa of the small and larze 
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Fig. 1. Pseudomyxoma peritonei. Cystic glands with stratified mucinous epithelium in the collagen- 
rich peritoneal stroma. The epithelium shows pseudopapillary proliferation, anisomorphia without 
nuclear atypia, and a well-defined basal contour. Patient was 58 years old. (Hematoxylin and eosin. 


Original magnification X 320.) 





Fig. 2. Pseudomyxoma peritonei. Adenomatous papillary proliferation of the mucinous epithelium. 
Extrusion of mucinous masses into the peritoneal stroma. Patient was 58 years old. (Hematoxylin 


and eosin. Original magnification x 500.) 


bowel as well as the parietal peritoneum. A polycystic 
tumor was found at the site of the left adnexa and also 
between the pancreas and gallbladder. The tumor con- 
tained a gelatinous mucus as confirmed by histologic 
analysis. A mucus-producing adenocarcinoma was di- 
agnosed. No further attempt was made to reduce the 
tumor surgically, and chemotherapy was started on the 
first postoperative day. The patient received eight 
courses of high-dose melphalan until chemotherapy 
was stopped because of obvious progression of disease. 
On readmission, in May 1985, gelatinous ascites, caus- 
ing bowel obstruction and dyspnea, was present. 


Biochemical analysis suggested that optimal lysis of 
the mucus could be achieved with a 5% dextran sulfate 
solution. Initial intra-abdominal instillation of 100 ml 
resulted in removal of 1400 ml of mucus. On a second 
instillation 4 weeks later, lysis of 3000 ml was achieved. 
This was of particular interest since ultrasonography 
revealed grapelike polycystic structures within the en- 
tire abdomen, indicating a predominantly intracystic 
location of the mucus. 

Mucolytic therapy has been continued until now and 
has repeatedly proved to be equally effective in this 
patient. 
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Fig. 3. Carbohydrate composition of mucus. Registration of the elution profile with a boric acid 
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Fig. 4. Gel electrophoretic separation of protein fractions of mucus in comparison to plasma proteins. 


Material and methods 


Amino acid analysis. Fresh samples of mucus were 
centrifuged at 2000 rpm for 30 minutes. The sedi- 
ment was collected and transferred to a hydrolyzation 
ampule. 

After heating in 6N hydrochloric acid at 105° C for 
24 hours, the hydrolysate was freed from acid by evap- 
oration and applied to an amino acid analyzer (LC 
4010, Biotronic, Frankfurt, Germany). The effluent 
was continuously monitored at 560 and 440 nm. 
Concentration was calculated with a peak integrator 
(LDC/Milton Roy Cl-10). 

Carbohydrate analysis. The mucus was washed sev- 
eral times with saline solution and then hydrolyzed in 
0.1N hydrochloric acid at 95° C for 48 hours. After 
evaporation of the acid, the remaining carbohydrate 
monomers were applied to an ion-exchange column 
(Darum DA-X4) and eluted by 0.1 to 0.5 mol/L boric 
acid (Fig. 3). 

Protein analysis. After the mucus was separated by 
centrifugation, further analysis was done by polyacryl- 
amide gel electrophoresis. Protein bands were stained 
with Coomassie brilliant blue and dechloridation was 
achieved with acetic acid. 

Clotting activity was calculated by measuring the ac- 


tivated partial thromboplastin time in standard normal 
plasma after addition of the mucus suspension in 0.9% 
sodium chloride. 


Results 


Histologic analysis of both cases revealed the classical 
findings of pseudomyxoma peritonei. The cysts were 
small with little gelatinous ascites in Case No. 2. Nev- 
ertheless mucolysis by means of intra-abdominal in- 
stillation of dextran sulfate in concentrations of up to 
5% was equally effective in both patients. 

Lysis produced a suspension of a polymer in water, 
which was still highly viscous. The polymer contained 
6.5% carbohydrates and had a molecular weight of sev- 
eral millions by column chromatography. Further anal- 
ysis of the carbohydrates and amino acids is shown in 
Tables I and II. In summary, the mucus contained ap- 
proximately 98% protein and 2% to 5% carbohydrate 
per unit of dry weight. The observed thromboplastic 
activity was low and obviously due to cell debris or 
cellular membrane fragments. The predominant car- 
bohydrates were galactose and galactosamine (Fig. 4). 
The protein fraction was characterized by a high con- 
centration of charged amino acids, such as asparagine, 
glutamic acid, lysine, histidine, and arginine (Fig. $). 
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Table I. Amino acid content of the mucus: 
Case No. 1 


nmol/mg 
Amino acid Dry material 
Cysteine 0 
Serine phosphate 0 
Asparagine 510 
Threonine 250 
Serine 400 
Glutamic acid 520 
Proline 90 
Glycine 450 
Alanine 480 
Cystine 80 
Valine 390 
Methionine 70 
Isoleucine 420 
Leucine 480 
Tyrosine 220 
Phenylalanine 250 
Lysine 600 
Histidine 110 
Arginine 240 


As demonstrated in Fig. 4, proteins of the liqui 
phase were composed of a mixture of plasma-derivet 
proteins. 


Comment 


There is no agreement about the origin of cells pro- 
ducing the gelatinous mucus of pseudomyxoma peri- 
tonei (Werth’s tumor). Some authors propose that 
rupture of a mucinous ovarian tumor and spillage of 
the mucus into the peritoneal cavity initiate the devel- 
opment of pseudomyxoma. This may be due to a for- 
eign body reaction, as has been proposed by Fox and 
Langley.’ On the other hand, widespread metaplasia 
has also been suspected.’® '' However, in a study of 
16 patients in whom mucinous ovarian tumors rup- 
tured before or during operation, only one had sub- 
sequent metastasis, and none developed pseudomyx- 
oma peritonei.'* !* 

It is conceivable from our data that fragments of the 
primary tumor produced gelatinous ascites and peri- 
tonitis. Because of the slow-growing pattern of this tu- 
mor, mucus production is the most serious obstacle in 
the management of this disease and reduces the prog- 
nosis of the patients to less than 40% survival after the 
first year. Operation, chemotherapy, and irradiation 
have been used for therapy with disappointing results, 
and these modes of therapy were also unsuccessful in 
the treatment of our patients. Intra-abdominal dex- 
trose instillation, as proposed by Novak and Wood- 
ruff,” was also ineffective, but failure of this approach 
stimulated our interest in the biochemistry of mucus, 
mucolytic agents, and split products. 

Proteoglycans are known to contain from 12% to 25% 
covalently bound proteins. The separate liquid phase 
is contaminated predominantly with plasma proteins. 
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Table II, Carbohydrate content of the mucus: 


Case No. 2 
nmol/mg 
Carbohydrate Dry material 
Glucosamine 3 
Galactosamine 5 
Mannose 4 
Fructose 2 
Fucose 4 
Galactose 13 
Glucose 4 


Our data confirm these observations, but in both cases 
the percentage of covalently bound proteins was as 
large as 95% to 98%, with 5% and 2% carbohydrates, 
respectively. The appearance of plasma proteins within 
the mucus is an expression of a disturbance of the lym- 
phatic circulation. 

Cell debris and clusters detectable after lysis of the 
mucus seem to be the source of its thromboplastic ac- 
tivity. Since we found small amounts of fibrin within 
the mucus, mechanical ileus, as observed in Case 
No. I, may be due to intraperitoneal clotting of fibrin- 
ogen. On the basis of these findings we suggest treating 
pseudomyxoma peritonei by intra-abdominal instilla- 
tion of dextran sulfate and a plasminogen activator 
such as urokinase. Streptokinase would be less pref- 
erable since it produces antibodies and therefore can- 
not be used repeatedly. 
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A comparison of low- and high-dose cisplatin-based 
combination chemotherapy as initial postoperative treatment in 
advanced ovarian adenocarcinoma . 


Joseph Menczer, M.D., Joseph Brenner, M.D., Michaela Modan, M.Sc., 


Gilad Ben-Baruch, M.D., and Harry Brenner, M.D. 
Tel-Hashomer and Tel-Aviv, Israel 


Cyclophosphamide, Adriamycin, and cisplatin were given as the initial postoperative treatment to 35 
patients with Stages II through IV ovarian cancer of epithelial origin during two time periods. During the 
first period the dose of cisplatin was 60 mg/m? and during the second period it was 120 mg/m?, while the 
dose of cyclophosphamide and Adriamycin remained unchanged. No differences with regard to survival, 
progression-free interval, rate, and outcome of second-look laparotomy between 18 consecutive patients 
who received the low-dose and 17 consecutive patients who received the high-dose cisplatin were 
observed. The complication rate was significantly higher in the high-dose treatment group. Low-dose 
cisplatin-based combination chemotherapy seems therefore to be the preferable initial postoperative 


treatment. (AM J OBsTET GYNECOL 1986;155:974-9,) 


Key words: Low-dose cisplatin, high-dose cisplatin, ovarian carcinoma 


Cisplatin-based combination chemotherapy is cur- 
rently one of the most commonly used postoperative 
treatments in patients with ovarian adenocarcinoma. 
The dose of cisplatin used is, however, not uniform and 
ranges from 50 mg/m? to 120 mg/m? in different re- 
ports.'* A greater effectiveness of high-dose cisplatin 
schedules has so far not been proved. 

The aim of this report is to compare the outcome of 
high- and low-dose postoperative cisplatin-based com- 
bination chemotherapy in a group of ovarian carci- 
noma patients. 


Material and methods 


The study group comprises 35 patients with histo- 
logically confirmed Stages II through IV ovarian car- 
cinoma of epithelial origin treated postoperatively with 
cyclophosphamide, Adriamycin, and cisplatin during 
two time periods. 

From 1979 to 1981 low-dose cisplatin was used, and 
postoperative therapy consisted of cyclophosphamide, 
600 mg/m?*, Adriamycin, 40 mg/m’, and cisplatin, 60 
mg/m’. From 1982 to 1984 high-dose cisplatin (120 mg/ 
m°) was given during the initial postoperative courses 
of chemotherapy, while the dose of cyclophosphamide 
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and Adriamycin remained unchanged. The protocol 
required 5 courses of high-dose cisplatin and then con- 
tinued therapy with low-dose cisplatin. If creatinine 
clearance decreased to <70 ml/min, treatment was 
changed to low-dose cisplatin even if less than five high- 
dose cisplatin courses were given. 

For the purpose of analysis the patients of the second 
period were divided into two subgroups. The complete 
treatment group comprised either patients who re- 
ceived four to five high-dose cisplatin courses as long 
as the total number of cisplatin courses was at least six 
or those who received two to three high-dose cisplatin 
courses and the total number of courses was not less 
than 8. The incompletely treated group comprised pa- 
tients who received fewer courses of cisplatin treat- 
ment, mainly because of prolonged impairment of cre- 
atinine clearance (<50 ml/min) and continued che- 
motherapy with cyclophosphamide and Adriamycin. 
Cisplatin was administered as an intravenous single 
dose every 3 to 4 weeks with hydration and mannitol- 
forced diuresis. Low-dose cisplatin was given in a day 
care clinic whereas patients receiving high-dose cis- 
platin were hospitalized for 2 to 5 days. At the end of 
chemotherapy (six to 12 courses), patients from both 
periods who had no clinical or radiologic evidence of 
disease (complete clinical remission) underwent a sec- 
ond-look laparotomy. This operation was performed 
through a midline incision extending above the um- 
bilicus. At least three peritoneal washings (from the 
pelvic cul-de-sac and the left and right paracolic gut- 
ters) were submitted separately for cytologic exami- 
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Fig. 1. Survival of patients treated with low-dose cisplatin (LDCAP) and high-dose cisplatin (HDCAP). 


nation. Macroscopic residual tumor nodules were biop- 
sied. When after careful exploration of the entire ab- 
dominal cavity no macroscopic residual disease was 
” found, multiple biopsies (12 to 20) were obtained. Biop- 
sies from the diaphragms were not performed, and 
lymph nodes were not sampled. 

The patients from both periods were divided into 
two prognostic subgroups according to the size of the 
postoperative residual tumor masses and the clinical 
stage at diagnosis. When the diameter of the largest 
residual tumor mass in patients with Stages II and III 
disease was <2 cm, they were allocated to the favorable 
prognostic subgroup; if the diameter was >2 cm, they 
were allocated to the unfavorable prognostic subgroup. 
Patients with Stage IV disease were allocated to the 
unfavorable prognostic subgroup irrespective of the 
size of the residual tumor masses. The follow-up of 
patients ranged from 9 to 64 months (median, 24.5 
months) in the first period and from 8 to 36 months 
(median, 12 months) in the second period. 

Duration of the progression-free interval was defined 
as the time in months from diagnosis to the time of (1) 
renewed appearance of a clinically palpable or radio- 


logically demonstrable tumor mass, (2) growth of clin- 


ically apparent masses, (3) appearance of ascites or new 
metastases, or (4) death. A positive second-look lapa- 
rotomy was not counted as progression. 

The duration of the progression-free interval and 
survival probability were calculated by Kaplan-Meier 
survival analysis. Differences between treatment and 
prognostic groups were calculated by the log-rank 
method.® 


Results 


The study group included 18 consecutive patients 
who received low-dose cisplatin and 17 consecutive pa- 
tients who received high-dose cisplatin. Clinical char- 
acteristics of these patients are presented in Table I. 
The two groups were similar with regard to age, stage 


Table I. Clinical characteristics of the ovarian 
carcinoma patients 





High-dose 
cisplatin 
(n = 17) 
Age range (yr) 29-70 
Mean age (yr) 56 
Stage 
H l 2 
HI 14 9 
IV 3 6 
Histologic category 
Serous cystadeno- 13 10 
carcinoma ' 
Mucinous cystadeno- l — 
carcinoma 
Anaplastic adenocar- 2 6 
cinoma 
Other 2 ] 
Prognostic subgroup 
Unfavorable | 10 15 
p = 0.04 
Favorable 8 2 


at diagnosis, and histologic category. There was a sig- 
nificant excess (Fisher’s exact test) of patients with un- 
favorable prognosis in the high-dose cisplatin group 
(p = 0.04). | 

The number of treatment courses of each type ad- 
ministered to the study patients is described in Table 
II. The high-dose cisplatin treatment group comprised 
I] patients in the complete treatment and six in the 
incomplete treatment subgroups. It is noteworthy that 
only four patients received the preplanned number of 
five high-dose cisplatin courses, since in the remaining 
13 patients creatinine clearance decreased to a level 
precluding continued high-dose cisplatin treatment. 

Fig. 1 presents the survival in the low-dose and the 
high-dose cisplatin patients. The median survival in the 
low-dose group was 24.5 and in the high-dose group 
23.4 months. No statistically significant difference was 
noted between the two groups. 
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Fig. 2. Survival of patients by treatment group and prognostic subgroups. 


Table II. Type of treatment and number of low-dose and high-dose cisplatin courses administered to the 


study group 
Treatment 
group No. sf patients 
LDCAP 18 
HDCAP 
Complete 1] 
Incomplete 6 


LDCAP = Low-dose cisplatin. HDCAP = High-dose cisplatin. 


*Only five patients had less than 12 courses. 







Table III. Treatment complications 


Low-dose High-dose 
cisplatin cisplatin 
(n = 18) (n = 17) 


No. of patients with 5 14 
complications 
Type of complication 


Nephrotoxicity 2 7 
Myelosuppression 2 8 
Ototoxicity l 3 
Neurotoxicity l 7 
No. of types of com- 

plications 

l 4 4 
2 ] 9 
3 — ] 


Nephrotoxicity = Prolonged creatinine clearance of <50 
ml/min. 


Myelosuppression = White blood cell count of <2000/mm* 
or thrombocytes of <50.000/mm* after any treatment course. 


Since the high-dose cisplatin group comprised a sig- 
nificantly greater number of patients with unfavorable 
prognosis, survival analysis was repeated by prognostic 
subgroups (the patients in the high-dose cisplatin 
subgroup with favorable prognosis were excluded from 
this analysis because of their small number) (Fig. 2). 
This analysis showed no difference between the un- 





No. of courses 


Type of courses Median 
LDCAP | 6-12 19 
HDCAP 2-5 4 
LDCAP 1-9 5 
HDCAP 1-3 2 
LDCAP 0-6 ] 


favorable low-dose and high-dose cisplatin patients or 
between the patients with unfavorable and favorable 
diagnosis. Survival of completely treated and inzom- 
pletely treated high-dose cisplatin patients was similar 
as well (Fig. 3). Similar lack of difference between the 
treatment and prognosis subgroups was found with re- 
gard to progression-free interval (Figs. 4 to 6). 

No difference with respect to the rate and outcome 
of second-look laparotomy was found between the two 
treatment groups. Thus of 23 eligible patients, 20 (11 
with low-dose and nine high-dose cisplatin) underwent 
this operation, which was negative in six and four pa- 
tients, respectively. Treatment complications in the two 
treatment groups (except nausea, vomiting, and alo- 
pecia, which were present in all patients) are presented 
in Table III. The rate of complications was significantly 
higher (p < 0.001) in the high-dose cisplatin group (14 
of 17) compared with the low-dose group (five of 18). 
Moreover, of the five complicated patients in the 
low-dose cisplatin group only one had more than one 
type as compared to 10 in the high-dose group 
(p = 0.07). 


Comment 


The dose-response relationship for cisplatin is con- 
troversial. Although in advanced nonseminomatoys 
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Fig. 3. Survival of completely and incompletely treated high-dose cisplatin patients. 
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Fig. 4. Progression-free interval of patients treated with low-dose and high-dose cisplatin. 


testicular cancer an improvement in resporise rate with 
higher doses has been reported,” such a dose response 
has not been established for ovarian carcinoma of ep- 
ithelial origin. 

Some data seem to support a possible dose response 
in ovarian carcinoma. In vitro dose response to cisplatiri 
in a human cell line has been demonstrated.” It has 
been shown that high-dose cisplatin treatment given as 
a single agent produces more short-term responses 
than does low-dose therapy in preterminal cancer of 
the ovary when cisplatin has not been given previ- 
ously.” Similarly, high-dose cisplatin (120 mg/m’) pro- 
duced a response in four of 20 patients refractory to a 
50 mg/m? dosage.'’ Recently the administration of even 
higher dosage (200 mg/m’) divided over 5 days and 
given intravenously in hypertonic saline solution has 
been reported.’ With this regimen, three partial re- 
sponses were achieved among six patients who had a 
relapse after treatment with standard-dose cisplatin. It 
therefore seems that some patients refractory to low- 


dose cisplatin may temporarily benefit from secondary 
treatment by a high-dose schedule. 

Our data indicate that for primary postoperative 
treatment the effect of high-dose cisplatin with regard 
to survival, duration of progression-free interval, and 
the rate and outcome of second-look laparotomy in 
ovarian carcinoma patients is not different from that 
of low-dose cisplatin. Furthermore, the rate of toxicity 
is higher among patients receiving the high-dose sched- 
ule. These findings are in line with a prospective trial 
in patients with metastatic cervical carcinoma which also 
failed to show any advantage for high-dose over low- 
dose cisplatin.'® The lack of difference between the fa- 
vorable and unfavorable prognostic subgroups may be 
due to the small size of the series. However, similar lack 
of correlation with tumor burden has been reported 
by others” and interpreted to reflect the greater eff- 
cacy of cisplatin-based combination chemotherapy. 

It may be argued that the lack of difference between 
the low-dose and high-dose cisplatin groups is due to 
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Fig. 6. Progression-free interval of completely and incompletely treated high-dose cisplatin patients. 


the lower number of treatment courses in the latter. 
However, it has been shown that the effectiveness of 
six to nine courses is similar to that of 10 to 12 courses." 
Moreover, the lower number of treatment courses ‘in 
the high-dose cisplatin group mainly reflected the 
greater toxicity of this treatment. Thus further increase 
of the cisplatin dose in the initial postoperative treat- 
ment would not seem to improve prognosis. We there- 
fore conclude that low-dose cisplatin given for six to 
eight cycles every 3 to 4 weeks is the preferable mode 
for cisplatin-based combination chemotherapy in the 
treatment of advanced ovarian adenocarcinoma. 


w 
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Prevention of neonatal group B streptococcal sepsis 


by the use of a rapid screening test and selective 


intrapartum chemoprophylaxis 


Walter J. Morales, M.D., Ph.D., Daniel V. Lim, Ph.D., and Anthony F. Walsh, Ph.D. 


Tampa and Orlando, Florida 


A randomized 18-month study was conducted to determine the effect of intrapartum chemotherapy in the 
prevention of neonata! group B streptococcal disease. Twelve hundred seven indigent patients at term 
were screened weekly for group B streptococci antenatally with a rapid test based on coagglutination 
methods and at the time of admission in labor, 263 (22%) were confirmed to have colonization, 67 of 
which had heavy colonization. One hundred thirty-five of these mothers were randomized to a group 
treated with 1 gm of ampicillin intravenously every 6 hours until delivery. The remaining 128 mothers were 
not treated. None of the infants born to the treated mothers had colonization with group B streptococci at 
surface culture sites. Fifty-nine (46%) of the infants born to untreated mothers, including 24 of 30 (80%) 
from mothers with heavy colonization, had colonization. Ampicillin treatment administered during labor to 
pregnant patients with heavy colonization significantly reduced vertical transmission of group B 


streptococci. (AM J OBSTET GYNECOL 1986;155:979-83.) 


Key words: Group B streptococci, rapid test, intrapartum chemoprophylaxis 


Group B streptococci are the leading cause of neo- 
natal sepsis with an attack rate ranging between 1.35 
and 5.4 per 1000 live births'* and a mortality exceeding 
50%.*-° Early diagnosis and treatment are fundamental 
to improve the outcome of the septic neonate. However, 
this is often extremely difficult as a significant propor- 
tion of these infections occur in neonates with no ob- 
vious clinical signs at birth or infants who are born to 
mothers with no added risk factors such as prolonged 
rupture of the membranes, prolonged labor, intrapar- 
tum fever, or preterm gestations. 

Various attempts have been proposed to achieve a 
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reduction in this disease. One approach consisted of 
the routine antenatal screening of all pregnant women 
for group B streptococci genital colonization and, if 
results are positive, the eradication of the carrier state 
through antibiotic therapy of the patient and consort.’ 
This approach has been rejected on the basis of a very 
low ratio of neonatal sepsis to colonized mothers of 
about 0.7%, thus exposing unnecessarily about 25% of 


. the obstetric population to the expenses and potential 


medical complications of antibiotic therapy." In addi- 
tion the studies demonstrated that the patient could 
revert to a carrier state shortly after the antibiotic was 
discontinued. 

A second approach consisted of the routine admin- 
istration of penicillin to all neonates shortly after de- 
livery.* ° Despite reported reductions in the incidence . 
of group B streptococcal sepsis, this approach failed to 
eradicate the disease. In addition, other investigators"! 
failed to observe any reduction in the incidence of neo- 
natal group B streptococcal sepsis by the prophylactic 


979 


980 Morales, Lim, and Walsh 


November 1986 
Am J Obstet Gynecol 


Table I. Patterns of group B streptococcal colonization in maternity patients 








Incubation time 


(hr) 





Concentration* (group B streptococci/swab) 
0 0 0 0 






Total 





0 0 0 0 5 5 

5 lf 0 2 8 5 5 2 27 

20 26 16 27 7 0 0 0 98 
*Concentrations expressed as 10" represent concentrations between | X 10° and 9.9 x 10° group B streptococci. 

This broth culture was significantly different (p < 0.01) from the other broth cultures identified at 5 hours. 
Table II. Changes in group B streptococcal colonization in the week preceding admission 
Colonization 
2045+ 


No. 


60 37 l 0 159 34 


7 


5+ = Test positive at 5 hours.(heavy colonization); 20+ = test positive at 20 hours (light colonization). 


use of penicillin. This failure of postnatally adminis- 
tered chemopfophylaxis has been attributed to the neo- 
nate’s acquiring the infection in utero.” 

A third approach and one that has yielded encour- 
aging results involves the intrapartum use of ampicillin 
in those patients with known group B streptococcal 
colonization,'* '* Nevertheless, such an approach would 
necessitate serial antepartum genital tract cultures to 
account for the unpredictability of the group B strep- 
tococcal carrier state and once more would result in 
unnecessary antibiotic exposure to a large segment of 
the obstetric population. 

The approach investigated in this study established 
the clinical use of a rapid reliable screening test based 
on coagglutination methods to quantitatively assess the 
magnitude of group B streptococcal colonization, thus 
allowing a reduction in the incidence of neonatal group 
B streptococcal sepsis by the judicious intrapartum use 
of intravenous ampicillin. 


Material and methods 


During the period of study, May 1, 1984, through 
October 31, 1985, 1207 patients evaluated at the Or- 
ange County Health Department maternity clinics were 


screened starting at the thirty-sixth week of gestation. 


for the presence of group B streptococci. Vaginal cul- 
tures were collected with Port-A-Cul swabs (BBL Mi- 
crobiology Systems) before bacteriostatic jelly was used 
to perform digital examinations. The cultures were 
processed at the Orlando Branch Laboratory, Florida 
Department of Health and Rehabilitative Services. The 
culture swabs were inoculated into 5 ml of enriched, 
selective Todd-Hewitt broth containing 1% yeast ex- 
tract, 10 wg of colistin methane sulfonate per milliliter, 
and 15 wg of nalidixic acid per milliliter (Lim Group 
B Strep Broth, Gibco Laboratories, Madison, Wiscon- 


sin), incubated at 36° C in 5% carbon dioxide, and 
tested for the presence of group B streptococci by slide 
coagglutination (Phadebact Streptococcus Test, Phar- 
macia Diagnostics, Piscataway, New Jersey) after 5 and 
20 hours of incubation. Maternal culture broths were 
heated to 90° C for 10 minutes in a dry bath before 
coagglutination testing to eliminate multiple coagglu- 
tination reactions caused by blood on culture swabs. 

Before the start of this study, the reliability of this 
rapid group B streptococcal identification test was in- 
vestigated in 601 maternity patients. Culture swabs 
were inoculated into enriched, selective Todd-Hewitt 
medium and were quantified for group B streptococci. 
At the same time broth cultures were tested for group 
B streptococci by this rapid slice coagglutination test 
before incubation and after 5 and 20 hours of incu- 
bation. One hundred thirty (21%) of these patients had 
cultures that were positive for group B streptococci and 
identified by this coagglutination test. The data indi- 
cated a strong correlation between magnitude of col- 
onization and times required to identify group B strep- 
tococci in the broth culture as shown in Table I. 

The patients identified as having positive coloniza- 
tion for group B streptococci underwent reculturing 
weekly until admission to Orlando Regional Medical 
Center. On admission all patients with positive group 
B streptococcal cultures the preceding week underwent 
reculturing and then were randomly divided into two 
groups by day of the week and chart number: a test 
group and a control group. Patients in the test group 
were administered 1 gm of ampicillin intravenously 
every 6 hours until delivery. The control group in- 
cluded randomly selected patients and those with a his- 
tory of ampicillin allergy. None of the patients were 
febrile at the time of admission to the hospital, and all 
fetal heart rates were electronically monitored through- 
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Table III. Characteristics of both groups of patients 
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l Treated Conirol 

Characteristic (N = 135) (N = 128) 
Length of labor (hr) 11.85 + 5.30 10.18 + 4.65 
Length of ROM* (hr) 8.67 + 6.10 7.88 + 7.20 
Number of digital examinations 7.4 + 4.8 8.2 + 4.3 
Cesarean section (No. and %) 20 (15%) 21 (16%) 
Birth weight (gm) 3468 + 650 3507 + 517 
Apgar score at 5 min 8.2 + 1.6 78 + 1.6 


*Rupture of the membranes. 


Table IV. Effect of ampicillin prophylaxis on vertical transmission of group B streptococcus 


Heavy (5 hrt+) 


Maternal colonization 


Light (20 hr+) Total 


Treated group (N = 135) 0/37 0 
p Value p < 0.001 
Control group (N = 128) 


24/30 &0* 


0/98 0 0/135 0 
p < 0.001 p < 0.001 
35/98 36t 59/128 46 


*Included eight infants with group B streptococcus—positive urine latex-agglutination test, three infants with group B strep- 


tococcal sepsis, and five mothers with chorioamnionitis. 


tOne infant with a group B streptococcus—positive urine latex-agglutaination test delivered of a mother with chorioamnionitis. 


out labor. No elective cesarean sections were per- 
formed. On delivery the Pediatric/Neonatology De- 
partment was notified and all infants underwent cul- 
tures for group B streptococci at two sites, the 
oropharynx and the skin surface, and the cultures were 
processed by the Orlando Regional Medical Center lab- 
oratory. In addition a urine latex-agglutination screen 
for group B streptococcal infection was performed on 
each infant. Infants were observed and antibiotic ther- 
apy was started only on the basis of clinical signs of 
infection. Intrapartum chorioamnionitis was diagnosed 
on the basis of temperature elevation over 100.4° F 
excluding other sources and histopathologic studies on 
the placenta. Neonatal sepsis was diagnosed on the basis 
of positive results of body fluid cultures. Statistical anal- 
ysis of the data was performed with x’ and Student's ¢ 
test. 


Results 


During an 18-month study period, 1207 patients 
were screened, and 297 (25%) of these were found to 
be colonized with group B streptococci. On admission 
in labor to Orlando Regional Medical Center, 263 pa- 
tients still had positive cultures for group B strepto- 
cocci. The changes of group B streptococcal genital 
colonization in the 297 patients during a l-week period 
preceding admission are summarized in Table II. 
Thirty-four patients who had 20-hour positive group 
B streptococcal screening during the antenatal period 
did not have colonization when admitted in labor. How- 


ever, in all of the patients with heavy colonization iden- 
tified in the antenatal period colonization with group 
B streptococci remained. Sixty-seven of these group B 
streptococci—positive patients had 5-hour positive vag- 
inal cultures and can be considered to have heavy col- 
onization. The remaining 196 patients had 20-hour 
positive vaginal cultures and had light colonization. 
Thirty-seven of the 67 patients with heavy colonization 
and 98 of the 196 women with light colonization re- 
ceived ampicillin chemoprophylaxis in the randomized 
clinical study. The characteristics of the patients in the 
treated and control groups shown in Table III were 
found to be comparable in terms of length of labor, 
length of rupture of the membranes, number of digital 
examinations during labor, proportion of cesarean 
section deliveries, birth weight, and Apgar score at 
5 minutes. 

Table IV summarizes the outcome of the study. None 
of the infants born to the 135 treated mothers had 
group B streptococci detectable at either of the culture 
sites. In comparison, 24 (80%) of the infants born to 
the 30 untreated mothers with heavy colonization had 
group B streptococci detectable at one or more sites. 
Thirty-five (36%) of the infants born to the 98 un- 
treated mothers with light colonization had colonization 
with group B streptococci. Five mothers in the un- 
treated control group with heavy colonization devel- 
oped intrapartum chorioamnionitis as compared with 
one in the untreated group with light colonization. 
Eight infants born to the group of 30 untreated moth- 
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Table V. Ampicillin levels in amniotic fluid and cord blood after maternal administration 


Ampicillin levels} (ug/ml) 


l 16.7 15.3 
3-4 1.6 20.3 21.2} 
5-6 0.5 8.1 7.48 


*Time from administration of 1 gm of ampicillin intravenously. 


+Minimal inhibitory concentration = 2 ug/ml. 
tThree patients. 
§Five patients. 


ers with heavy colonization had positive urine latex- 
agglutination group B streptococcal screening. One in- 
fant had symptoms of respiratory distress, radiographic 
evidence of pneumonia, and a group B streptococci— 
positive oropharyngeal culture. Two infants developed 
group B streptococcal sepsis as determined by positive 
blood culture and survived after a 10-day course of 
antibiotic therapy. Only one infant with a group B 
streptococci—positive urine latex-agglutination screen 
was born to a mother in the untreated group with light 
colonization. This infant was delivered of a mother who 
developed intrapartum chorioamnionitis. None of the 
mothers in the treated group developed intrapartum 
intra-amniotic infection. No evidence of early-onset 
group B streptococcal disease (sepsis, respiratory dis- 
tress, or group B streptococci—positive latex-agglut- 
nation urine screening) was documented among infants 
born to mothers in the treated group. Ampicillin ad- 
ministered intravenously during labor successfully ar- 
rested the vertical transmission of group B streptococci. 

The therapeutic effectiveness of intravenous ampi- 
cillin was established by obtaining levels achieved in 
maternal serum, amniotic fluid obtained through an 
internal pressure catheter during labor, and cord blood 
on delivery in eight patients (Table V). The minimum 
inhibitory concentration for ampicillin against group B 
streptococci was 2 ug/ml. As summarized in Table V, 
significant levels are achieved in the infant and amniotic 
fluid within 1 hour after administration of 1 gm of 
intravenous ampicillin to the mother and therapeutic 
levels are maintained for the 6-hour interval of admin- 
istration. 


Comment 


It has been shown in previous studies’ “ that am- 
picillin administered during labor to pregnant women 
can successfully interrupt vertical transmission of 
group B streptococci. However, it is neither practical 
nor necessarily desirable to nonselectively treat all preg- 
nant women or even the large population of group B 
streptococci-colonized women with ampicillin before 
delivery. Although such blanket treatment may reduce 


the incidence of early-onset group B streptococcal dis- 
ease in newborn infants, it also can lead to increased 
antibiotic resistance of bacterial pathogens, adverse ma- 
ternal drug reactions, and other complications Until 
recently only clinical criteria (premature labor and/or 
prolonged rupture of the membranes, history 3f ma- 
ternal fever, maternal intrapartum infection, etc. could 
be used to identify high-risk mothers for chemopro- 
phylaxis before delivery. These clinical criteria anfor- 
tunately are not highly selective. As a consequer ce pa- 
tients having these high-risk factors and not colonized 
with group B streptococci are needlessly treatec. Fur- 
thermore, such selection excludes from prophylaxis 
mothers with heavy colonization who have uncompli- 
cated deliveries. 

Conventional laboratory tests for identificaton of 
group B streptococci are not useful in rapid anc selec- 
tive diagnosis of mothers at high risk of delivery of 
infants with early-onset group B streptococcal d:sease. 
These laboratory tests are labor intensive and ~esults 
generally are not available until 24 to 72 hour: after 
culture. The tests additionally do not differentiete be- 
tween mothers at low risk and mothers at high zisk of 
delivery of infants symptomatic for group B strepto- 
coccal disease. Laboratory procedures that direc ly de- 
tect antigens in infant body fluids provide immediate 
results but are of limited use in chemoprophylatis. 

The laboratory procedure used in this study can di- 
agnose group B streptococcal colonization in mothers 
and infants. This procedure uses an enriched, sebective 
broth (Lim Group B Strep Broth) in combination with 
coagglutination to identify within 5 to 20 hours mothers 
and infants colonized with group B streptococci. -n the 
current study the procedure has been used to screen 
mothers in their last trimester and weekly up to the 
time of hospital admission for group B streptococcal 
infection. This information has been used to treat 
mothers with colonization before delivery in a con- 
trolled, randomized study. The results of this study 
provide strong evidence that such confirmatory diag- 
nosis of maternal group B streptococcal colonization 
combined with chemoprophylaxis successfully inter- 
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rupts vertical transmission of group B streptococci. 
Furthermore, it is important to note that in the study 
population eight of nine infants with either group B 
stréptococci—positive urine latex-agglutination screen- 
ing tests along with clinical signs of infection or group 
B streptococcal sepsis detected by positive blood cul- 
tures were born to mothers with heavy colonization in 
whom the vaginal cultures were identified within 5 
hours of inoculation to Lim Group B Strep Broth. 
These mothers with heavy colonization, representing 
5.6% (67 of 1207) of the obstetric population as op- 
posed to 22% of the general population with group B 
streptococcal colonization on admission, should be con- 
sidered to be the high-risk group for delivery of in- 
fants with symptomatic group B streptococcal disease 
and thus requiring intrapartum chemoprophylaxis. 
Only one infant with a group B streptococci—positive 
urine latex-agglutination screening test was born in the 
group of mothers with light colonization. Because this 
infant was delivered of a mother who developed clinical 
signs of intrapartum chorioamnionitis, it is recom- 
mended that selective treatment be extended to include 
mothers with light colonization who develop intrapar- 
tum intra-amniotic infection. Of significance, none of 
the infants born to the 135 mothers in the treatment 
group required readmission with symptoms of late-on- 
set group B streptococcal disease. 

The results of this study suggest that it is possible to 
rapidly and selectively identify mothers for prophylaxis 
before delivery. This screening must still be conducted 
in the antenatal period until a direct screening test is 
developed that is capable of identification of the high- 
risk patient, that is, those with heavy colonization and 
colony counts exceeding 10° organisms per culture 
swab. Such a test is currently being investigated at our 
institution. 

Finally, as shown in Table II, the progression of 
group B streptococcal colonization with time is unpre- 
dictable. Thus it is recommended that this screening 
be repeated at no less than 2-week intervals. The com- 
mercial cost of the material necessary to perform this 


test as described in this paper is about $2.00 per patient. ` 


We recognize that group B streptococcal colonization 
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is probably a contributor to preterm delivery, and thus 
a strong argument could be made to start this screening 
at an earlier gestational age, for instance, 32 weeks. 
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Positive amniotic fluid acetylcholinesterase: Distinguishing 
between open spina bifida and ventral wall defects 


Barbara K. Burton, M.D. 
Winston-Salem, North Carolina 


The ratio of amniotic fluid acetylcholinesterase to pseudocholinesterase was determined by scanning 
densitometry on 43 amniotic fluid samples with positive acetyicholinesterase associated with open fetal 
defects. The mean ratio was 0.587 (range 0:204 to 0.979) in 21 amniotic fluid samples from pregnancies 
affected with open spina bifida and 0.052 (range 0.026 to 0.075) in 12 pregnancies affected with ventral 
wail defects. These data confirm previous observations and indicate that scanning densitometry of 
glectrophoretic gels is a useful method fot distinguishing between open spina bifida and ventral wail 


defects in the fetus. (Am J OssteT GYNECOL 1986;155:984-6.} 


Key words: Acetylcholinesterase, prenatal diagnosis, open spina bifida, ventral wall defects 


The determination of the presence of acetylcholin- 
esterase by gel electrophoresis has been an extremely 
useful addition to a-fetoprotein quantitation in the pre- 
natal diagnosis of open neural tube defects.™? This tech- 
nique not only provides additional biochemical confir- 
tation for the presence of a fetal defect but also serves 
to significantly reduce the incidence of false positive 
diagnoses based on elevated amniotic fluid «-fetopro- 
tein alone.» * The test is not specific for fetal neural 
tube defects, however, since acetylcholinesterase may 
also be present in the face of fetal ventral wall defects 
(omphalocele, gastroschisis) or significant fetal blood 
contamination.® 

In 1984, Wald et al.° reported the observation that 
the ratio of acetylcholinesterase to pseudocholinester- 
ase as determined by scanning densitometry was sig- 
nificantly lower in pregnancies affected with fetal ven- 
tral wall defects than in pregnancies affected with open 
spina bifida and suggested that this technique could 
serve as a useful test to distinguish between these two 
types of fetal defects. The data presented here confirm 
their observations and suggest that determination of 
this ratio in the face of positive acetylcholinesterase will 
substantially increase the information obtained from 
amniotic fluid analysis. 


Material and methods 


All amniotic fluid samples were analyzed in the lab- 
oratory of the Screening Program for Neural Tube 
Defects of the Department of Pediatrics of the Bowman 
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Table I. Amniotic fluid acetylcholinesterase/ 
pseudocholinesterase ratios in pregnancies 
affected with open spina bifida or ventral 
wall defects 


Ventral wall defects Open spina bifida 
(n = 12) (n = 21) 
0.026 0.204 
0.028 0.288 
0.041 0.466 
0.043 0.483 
0.043 0.498 
0.047 0.518 
0.056 0.528 
0.060 0.577 
0.062 0.585 
0.072 0.594 
0.072 0.595 
0.075 0.603 
0.605 
0.625 
0.631 
0.646 
0.693 
0.716 
0.725 
0.774 
0.979 


0.052 (mean) 0.587 (mean) 


Gray School of Medicine between January 1, 19&4, and 
December 31, 1985. All samples included in the study 
had an amniotic fluid a-fetoprotein level that vas >5 
SD above the mean for gestational age arid therefore 
considered elevated. All had positive acetylcholinester- 
ase as determined by the method of Barlow et al.” Al- 
though an acetylcholinesterase determination is rou- 
tinely performed in our laboratory on all amniot:c fuid 
samples from pregnancies with elevated maternal se- 
rum a-fetoprotein level and on all samples with am- 
niotic fluid -fetoprotein levels >2 SD above the mean, 
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there were no samples analyzed during this time period 
that had an amniotic fluid a-fetoprotein <5 SD above 
the mean with positive acetylcholinesterase. 

Scanning densitometry was performed on electro- 
phoretic gels as described by Wald et al.® using the Beck- 
man R 112 densitometer and the acetylcholinesterase/ 
pseudocholinesterase ratio was calculated. Each amni- 
otic fluid sample was analyzed twice, and in each case 
the ratios calculated in the two determinations were 
within 5% of each other. The mean value for each 
amniotic fluid sample was recorded. A total of 46 sam- 
ples were analyzed including 10 from pregnancies af- 
fected with anencephaly, 21 frorn pregnancies affected 
with open spina bifida, 12 from pregnancies with ven- 
tral wall defects (five cases of omphalocele, seven cases 
of gastroschisis}, and three from pregnancies associated 
with grossly visible fetal blood contamination of the 
amniotic fluid. In the latter three cases, the fetus was 
normal. 


Results 


The amniotic fluid acetylcholinesterase/pseudocho- 
linesterase ratios in pregnancies affected with open 
spina bifida and ventral wall defects are presented in 
Table I. Clear differentiation between these two groups 
of defects is observed with no overlap between the 
range of 0.204 to 0.979 noted in association with open 
spina bifida and the range of 0.026 to 0.075 noted in 
association with ventral wall defects. Within the group 
of ventral wall defects, the values associated with gas- 
troschisis and omphalocele were similar. 

The values noted in association with fetal anenceph- 
aly were similar to those associated with open spina 
bifida (mean 0.641, range 0.482 to 0.935). In the three 
blood-stained amniotic fluid samples, the values ob- 
tained were 0.028, 0.049, and 0.066, all comparable to 
those seen in association with ventral wall defects. 


Comment 


The addition of acetylcholinesterase determination 
to quantitation’ of a-fetoprotein in amniotic fluid 
greatly enhances the specificity of prenatal testing for 
fetal neural tube defects.® In the face of elevated am- 
niotic fuid a-fetoprotein levels, the odds that the fetus 
is affected with open spina bifida are increaséd six- 
teenfold by the finding of positive acetylcholinesterase. 
Positive acetylcholinesterase is also frequently noted in 
association with fetal ventral wall defects, however, so 
that a laboratory tool for distinguishing between these 
types of defects would be quite useful. High-resolution 
ultrasonography is often helpful in this regard and 
should always be used in patients with elevated amniotic 
fluid «-fetoprotein levels, but not all defects are iden- 
tified by even the most experienced ultrasonographer. 
Tjhe data presented here confirm the suggestion of 
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Wald et al.° that the determination of acetylcholines- 
terase/pseudocholinesterase ratios is helpful in distin- 
guishing between open spina bifida and fetal ventral 
wall defects. Anencephaly should be routinely detected 
by ultrasonography alone. 

Wald et al.° have suggested a cutoff of 0.15 for dis- 
tinguishing between open spina bifida and ventral wall 
defects with the use of acetylcholinesterase/pseudocho- 
linesterase ratios in amniotic fluid. The data from the 
present series support this choice since all values ob- 
tained from pregnancies affected with open spina bi- 
fida fell well above this cutoff while all values associated 
with ventral wall defects fell well below. In fact the 
highest value noted in association with a ventral wall 
defect was 0.075 while the lowest value associated with 
open spina bifida was 0.204. The observed differences 
between these two types of defects may relate to the 
fact that the amniotic fluid acetylcholinesterase in the 
case of ventral wall defects is probably derived either 
from fetal plasma or from intestinal nerve plexuses 
exposed to the amniotic fluid while in the case of open 
spina bifida it is derived from fetal cerébrospinal fluid. 
It has been demonstrated that the concentration of ace- 
tylcholinesterase in early fetal plasma is significantly 


_ lower than that noted in cerebrospinal fluid. 


It is likely that acetylcholinesterase/pseudocholines- 
terase ratios will not be helpful in determining whether 
a fetal defect is present in the case of amniotic fluid — 
samples grossly contaminated with fetal blood. Al- 
though the three blood-stained samples analyzed in this 
series all yielded values below the suggested cutoff for 
open spina bifida, others have reported values sugges- 
tive of neural tube defects in similar cases.” Interpre- 
tation of abnormal laboratory results in such cases will 
continue to be problematic with ultrasonography cur- 
rently being the most useful tool in such circumstances. 
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Primary hyperaldosteronism in pregnancy 


Frederik K. Lotgering, M.D., Ph.D., Frans M. H; Derkx, M.D., Ph.D., and 


Henk C. S. Wallenburg, M.D., Ph.D. 
pet The Netherlands 


A case is reported of a primigravid woman presenting in midgestation with severe hypertension caused by 
primary hyperaldosteronism. Symptomatic treatment with an aldosterone blocker, a peripheral vasodilator; 
and a combined af-biocker allowed pregnancy io continue to 36 weeks’ gestation. Cesarean section for 
fetal distress resulted in delivery of a dysmature female infant who did well. Further postpartum studies 
confirmed the presumptive diagnosis made during pregnancy. An adenoma, localized in the right adrerial 
gland; was surgically removed. (Am J OssTeT GYNECOL 1986;155:986-8.) 


Key words: Terenas pregnancy complications, hyperaldosteronism, Conn’ s syndrome, 


hypokalemia, adrenalectomy 


Only a few cases of primary hyperaldosteronism have 
been reported in which the diagnosis was first suspected 
during pregnancy.'? 

Any patient presenting with hypertension and a low 
serum potassium concentration must be suspected of 
hyperaldosteronism. Although it has been suggested 
that adrenal adenomas producing hyperaldosteronismi 
should be. promptly removed during pregnancy,’ se- 
lection of patients for surgical treatment may be more 
accurate following delivery.’ 

We report a case that was successfully managed con- 
servatively during gestation on the basis of the pre- 
sumptive diagnosis of primary hyperaldosteronism. 
Further analysis post partum revealed a right adrenal 
adenoma that was subsequently removed. 


Case report 


A 28-year-old white primiparous woman was admit- 
ted to our high-risk obstetric unit at 2254 weeks’ ges- 
tation because of severe hypertension. For somé years 
she was known to have mild hypertension for which a 
routine work-up revealed no cause. The course of preg- 
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näùcy as reported by her midwife was uncomplicated 
until 22% weeks’ gestation when the patient developed 
hypertension and headache. On admission we saw an 
obese (90 kg, 1.78 m) woman with severe headache, 
nauséa, and vomiting. Blood pressure was 230/750 mm 
Hg, and reflexes were brisk. She had no edema and a 
mild proteinuria (<0.3 gm/L). Uterine size was normal 
for gestational age, but ultrasound examination re- 
vealed the fetal abdominal circumference was small 


- compared to the biparietal diameter (less than fifth cen- 


tile). No fetal morphologic abfiormalities were seen, 
and amniotic fluid volume was normal. Routine labo- 
ratcry tests revealed a low serum potassium concentra- 
tion of 2.3 mmol/L and mild respiratory alkalcsis (pH 
7.48, Pco, 4.1 kPa); urinary potassium excretion (31 
mmol/L) exceeded that of sodium (3 mmol/L). All other 
variables, including coagulation, catecholamines, and 
renal and liver function tests, were normal. A pre- 
sumptive diagnosis of hyperaldosteronism was made. 
The hypertension was successfully.. treated with di- 
hydralazin (8 mg/hr intravenously) and labetalcl (up to’ 
75 mg/hr intravenously). Hypokalemia was treated with 
the aldosterone antagonist canrenoate (600 mg-day in- 
travenously) and potassium supplementation. Fig. 1 
demonstrates the subsequent return to a normal pat- 
tern of urinary excretion of sodium and potassium. A 
normal serum potassium level was obtained after 3 
days, and potassium supplementation and canzenoate 
administration were discontinued to enable furzher di- 
agnostic testing. After 10 days the normal high sodium/ 
low potassium urinary excretion pattern reversed 
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Fig. 1. The effect of antialdosterone treatment on the urinary excretion of sodium and potassium 
in a pregnant patient with primary hyperaldosteronism. 


again, while blood pressure remained approximately 
140/90 mm Hg. An aldosterone profile at 25% weeks’ 
gestation demonstrated consistently elevated levels as 
compared to a group of normal pregnant control pa- 
tients of similar gestational age (129 to 958 pg/ml), with 
a peak value of 2035 pg/ml at 64M, dropping to 1220 
pg/ml at 9AM, and a lowest value of 790 pg/ml at 23PM. 
The concentration of enzymatically active renin was 
abnormally low (3.1 to 6.8 U/ml; normal pregnant 
values, 10 to 110 wU/ml), which suggested a primary 
cause for the observed hyperaldosteronism. Aldoste- 
rone antagonist therapy was reinitiated and titrated to 
the lowest maintenance dose associated with a normal 
sodium/potassium urinary excretion pattern (Fig. 1). 
With a regimen of an oral dose of hydralazine (200 mg/ 
day), labetalol (1800 mg/day), and spironolactone (300 
mg/day), blood pressure, renal function, and potassium 
excretion remained within acceptable limits throughout 
pregnancy. 

Although fetal growth was subnormal, heart rate 
monitoring revealed no fetal distress until 35% weeks’ 
gestation. A cesarean section was performed, and a 
1490 gram girl was delivered; I- and 5-minute Apgar 
scores were 3 and 9, and the umbilical artery pH was 
7.20. Physical examination of the newborn infant re- 
vealed no abnormalities; the clitoris was not enlarged. 
The placenta weighed 230 grams and showed 30% in- 
farction. The infant developed normally; blood pres- 
sure and electrolyte values were normal. The postpar- 
tum period was equally uneventful. 

After 2 months, aldosterone concentrations re- 
mained elevated (mean, 430 pg/ml; normal nonpreg- 
nant, <200 pg/ml), and active renin remained low (0.4 
to 0.8 wU/ml; normal nonpregnant, >4 U/ml). The 
high aldosterone level could be further increased by 
adrenocorticotropic hormone but could not be sup- 
pressed by dexamethasone. A computerized tomog- 
raphy scan and an iodocholesterol I '*' scan both re- 
vealed a mass with a diameter of 1 cm in the right 
adrenal gland. After surgical removal of the right ad- 
renal gland, the histologic diagnosis of adrenal ade- 
noma confirmed the clinical diagnosis of primary hy- 
peraldosteronism. 


Comment 


Only two other cases”? have been reported of pri- 
mary hyperaldosteronism discovered in early gestation 


-and managed conservatively during pregnancy. The 


first patient’ presented with mild hypertension and was 
found to have a low serum potassium concentration. 
She was treated with spironolactone during a brief pe- 
riod of time before abruptio placentae occurred at 32 
weeks’ gestation. Crane et al.' concluded from this ex- 
perience that until a drug effective in correcting and 
controlling the changes of primary aldosteronism in 
pregnancy would be found, aldosteromas should be 
removed when diagnosed during pregnancy. The sec- 
ond patient? also presented with mild hypertension 
and hypokalemia. The aldosterone concentration was 
raised and the plasma renin activity was reduced. She 
was managed successfully with a-methyldopa and po- 
tassium supplementation and was delivered of a healthy 
female infant at 38 weeks’ gestation. The author con- 
cluded that a definitive diagnosis of the underlying ad- 
renal pathologic condition can be safely postponed un- 
til after delivery. Our patient presented with severe 
hypertension and hypokalemia in the second trimester, 
and it was necessary to use large doses of antihyper- 
tensive drugs to maintain an acceptable blood pressure 
as well as large doses of aldosterone antagonists to 
maintain a normal urinary sodium/potassium excretion 
pattern. Although the fetus and placenta were small 
for gestational age, our case confirms that conservative 
management is compatible with a favorable pregnancy 
outcome. Because the fetal abdominal circumference 
was relatively small already at 23 weeks’ gestation, the 
suboptimal fetal growth most likely resulted from poor 
placentation and not from therapy. 


Hypertension in pregnancy associated with a low se- 
rum potassium concentration and absence of edema 
and proteinuria should arouse suspicion of the pres- 
ence of hyperaldosteronism. Primary hyperaldoster- 
onism is characterized by high concentrations of al- 
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dosterone and low renin activity. However, values of a 
single pregnant patient may be difficult to interpret 
because of the normal increase of these hormones with 
gestational age and the absence of normal pregnancy 
values in most laboratories. A solitary adrenal adenoma 
is present in about 75% of cases of primary hyperal- 
dosteronism, whereas 20% of cases are due to bilateral 
cortical hyperplasia. These two entities fail to respond 
to dexamethasone suppression. The remaining 5% may 
be indeterminate or glucocorticoid responsive. Com- 
puter tomography, radioisotope scanning, and selective 
adrenal vein catheterization are commonly used to dif- 
ferentiate between the two most.common entities and 
to localize the adenoma. Hypertension and hypokale- 
mia usually respond successfully to surgical removal of 
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a solitary adenoma, whereas surgical treatment for 
bilateral hyperplasia is often disappointing. Conse- 
quently an accurate preoperative diagnosis is manda- 
tory. Accuracy can be better achieved following deliv- 
ery, when hormone concentrations can be compared | 
with normal nonpregnant control values and invasive 
investigations can be carried out without risk to the 
fetus. 
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Rise in maternal serum a-fetoprotein concentration after 
chorionic villus sampling and the possibility 


of isoimmunization 


Karin J. Blakemore, M.D., A. Baumgarten, M.D., M. Schoenfeld-Dimaio, M.S.W., 
J. C. Hobbins, M.D., E. A. Mason, M.D., and M. J. Mahoney, M.D. 


New Haven, Connecticut 


Maternal serum «-fetoprotein concentrations were determined by radioimmunoassay in 72 patients 
immediately before and after chorionic villus sampling for prenatal diagnosis. Fifty percent showed a rise of 
25 ng/ml. Assuming such rises represent fetal blood crossing the intervillous space, in 14% of the cases 
260 pul of fetal blood was transferred at the time of chorionic villus sampling. A positive correlation was 
found between the magnitude of rise in maternal serum a-fetoprotein leve.s and the amount of villi 
removed (r = 0.39, p < 0.001). When cases were examined by number of passes, a greater rise in 
maternal serum a-fetoprotein levels was noted with multiple passes than with single passes for a given 
sample size. The transfer of =60 ul of fetal blood suggests that maternal sensitization to fetal antigens 
may occur after chorionic villus sampling. During biopsy, as small a sample of villi as necessary for 
diagnosis should be taken with as few catheter passes as-possible. (AM J Osstet GYNECOL 1986; 


155:988-93.) 


Key words: Maternal serum a-fetoprotein, chorionic villus sampling, isoimmunization 


The accuracy and safety of chorionic villus sampling 
are being investigated in many centers throughout the 
world. Among the unanswered questions are how fre- 
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quently fetal blood is transferred into the maternal cir- 
culation and what attendant risks for tsolmmunization 
in the mother are present. By measurements of a-feto- 
protein concentrations in maternal serum before and 
after chorionic villus sampling, we can begin to address 
the possibility of maternal sensitization and search for 
means of minimizing this risk. 

Chorionic villus sampling is performed in the first 
trimester by biopsy of villi from the chorion fronddsum, 
which covers the site of implantation of the gestational 
sac like a fluffy coat and is bathed in maternal bload. 
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For transcervical catheter aspiration, a catheter is in- 
serted into the midst of the chorion frondosum, and 
with a syringe used for suction, villi are swept into the 
catheter as it slowly exits the uterus.' Each healthy villus 
contains a fetal blood vessel, which may bleed into the 
lakes of maternal blood that surround the villi in utero. 
This bleeding provides a source for transfer of fetal 
blood into the maternal circulation. 

a-Fetoprotein is produced by the fetal yolk sac and 
liver during this period of gestation, and has a very 
high concentration in the fetal circulation. The con- 
centration of «-fetoprotein in the maternal circulation 
is known to rise during gestation from endogenous 
levels of 1 to 2 ng/ml (personal observation of author, 
A. B.).? Its source is nearly all fetal, secondary to trans- 
placental passage of the protein into the bloodstream 
of the mother.’ In the course of chorionic villus sam- 
pling, an acute rise in maternal serum a-fetoprotein 
concentration presumably represents a direct passage 
of fetal blood into the circulation of the mother. Quan- 
titating the amount of fetal blood that may be trans- 
ferred on the basis of the rise in maternal serum a- 
fetoprotein levels provides an indication of the likeli- 
hood of maternal sensitization after chorionic villus 
sampling. 


Material and methods 


Two obstetricians performed chorionic villus sam- 
pling by transcervical catheter aspiration in 72 patients 
requesting prenatal diagnosis. Before the procedure, 
the alternative of second-trimester amniocentesis was 
offered and in each case informed consent was obtained 
with particular regard to the experimental nature of 
chorionic villus sampling. Gestational ages ranged from 
8 to 12 menstrual weeks, with the majority falling in 
the ninth to eleventh weeks. The approximate wet 
weight of the villous samples obtained was recorded in 
milligrams. In each case maternal blood samples were 
drawn shortly before and after chorionic villus sam- 
pling, usually within 15 to 20 minutes of the actual 
procedure. Maternal serum a-fetoprotein concentra- 
tions were determined on the paired samples by radio- 
immunoassay. The difference between the maternal se- 
rum a-fetoprotein concentrations in the two samples 
has been termed the delta maternal serum a-fetopro- 
tein value. In 27 cases a standard assay sensitive to 10 
ng/ml was used, and in the remaining 45 cases a low- 
level assay sensitive to 1 ng/ml was used. The same assay 
was used for both samples from a given patient. The 
interassay reproducibility values in nanograms per mil- 
liliter, expressed as mean + 1 SD, were 4.2 + 0.6, 


15.9 + 0.7, and 29.7 + 2.2 for the low-level assay and’ 


19.1 + 1.1,52.5 + 1.4,and 101 + 2.4 forthe standard 
assay. These data were statistically evaluated by means 
of regression analysis and Student's ¢ test. 


Maternal serum a-fetoprotein concentration 989 


Table I. Gestational ages of study population 
undergoing chorionic villus sampling and 
incidence of rise in maternal serum 


a-fetoprotein concentration 







Delta maternal serum 
a-fetoprotein vatue 


8 J l 100 

9 16 7 44 
10 31 17 55 
i] 21 9 43 
12 3 2 66 
Total 72 36 50 


*Difference in maternal serum o-fetoprotein concentration 
before and after chorionic villus sampling. 


In 14 additional patients undergoing diagnostic fetal 
blood sampling at 18 to 23 weeks of gestation, fetal 
serum or plasma a-fetoprotein concentration was de- 
termined by nephelometry. All fetuses were normal 
except one that had hemophilia A. From another fetus 
cardiac blood was obtained for a-fetoprotein measure- 
ment at the time of spontaneous abortion at 15.5 weeks 
of gestation. In this case fetal heart tones had been 
documented 12 hours before delivery, and autopsy and 
cytogenetic studies revealed no abnormalities. 


Results 


In 50% of the cases, the maternal serum a-fetopro- 
tein concentration increased by #5 ng/ml after chori- 
onic villus sampling (Table I). Half of the patients had 
no significant change in maternal serum a-fetoprotein 
values before and after chorionic villus sampling and 
no patient displayed a drop in maternal serum a-feto- 
protein concentration. No correlation was found be- 
tween gestational age and either the occurrence of a 
rise in the level of maternal serum a-fetoprotein or the 
magnitude of the rise. 

Chorionic sample sizes ranged from 1 to 100 mg of 
villi, with 51% (37 of 72) of the samples weighing 15 
to 35 mg (median 26 mg). A positive correlation was 
found between amount of villi removed and the delta 
maternal serum a-fetoprotein value (Fig. 1) (r = 0.39, 
p < 0.001). Thus the larger the sample size, the greater 
the rise in maternal serum a-fetoprotein concentration. 
Further analysis of the data entailed dividing the pa- 
tients into two groups by number of catheter passes 
required to obtain the desired sample. Thirty-nine 
cases had required only a single pass, 27 required two 
passes, and six required three passes. The cases re- 
quiring two and three passes were combined. In both 
groups a positive correlation was again found between 
the amount of villi removed and the delta maternal 
serum a-fetoprotein value (r = 0.46 and 0.52, respec- 
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Fig. 1. Relationship between delta maternal serum a-fetoprotein (AMSAFP) value and amount of 
villi removed at chorionic villus sampling (r = 0.39, p < 0.001) in 72 women. 


tively; p < 0.005). With samples of comparable size, 
moreover, a greater delta maternal serum a-fetoprotein 
value was observed with multiple passes than with a 


single pass (Fig. 2). Thus for a given sample size a- 


greater rise in maternal serum a-fetoprotein concen- 
tration occurred when more than one pass was required 
to obtain that sample. 

The 15 fetal serum or plasma samples from the sec- 
ond trimester showed a gradual decline in a-fetopro- 
tein concentration with advancing gestational age, from 
2.53 mg/ml at 15.5 weeks to 0.82 mg/ml at 23 weeks. 
These data (Fig. 3) were similar to those of Gitlin and 
Boesman,' who determined fetal serum a-fetoprotein 
concentrations by immunoelectrophoresis in the 1960s. 
`The purpose of these data was to determine whether 
our values for fetal serum a-fetoprotein were compa- 
rable to those of Gitlin and Boesman,‘ so that the in- 
formation provided by them for the tenth week of ges- 
tation could be applied to our study. Because the data 
were comparable for the sixteenth to twenty-third 
weeks of gestation, it was assumed that a similar cor- 
respondence held in earlier gestation. 

The data of Gitlin and Boesman" for the early ges- 
tational period were therefore used to calculate the 
volume of fetal blood that may have been transferred 
across the intervillous space to the maternal circulation 
for various delta maternal serum a-fetoprotein values. 
The calculation was based on the assumptions that 
whole blood was transferred, that the fetal serum a- 
fetoprotein concentration at 10 weeks of gestation was 
approximately 2 mg/ml, that the average fetal hemato- 
crit at that age was 30%,” and that the average maternal 


plasma volume was 3000 ml.° The amount of trans- 
ferred fetal blood corresponding to various delta ma- 
ternal serum a-fetoprotein values is represented in 
Table II. For instance, a delta maternal serum a-feto- 
protein value of 47 ng/ml would represent the transfer 
of 100 wl of fetal blood into the mother’s circulation, 
whereas a delta maternal serum a-fetoprotein value of 
93 ng/ml would represent 200 yl of transferred fetal 
blood. In 10 of the 72 cases (14%), the delta maternal 
serum a-fetoprotein level was #29 ng/ml, representing 
260 wl of transferred fetal blood. In four cases (6%), 
the delta maternal serum a-fetoprotein level was 247 
ng/ml. Three of those four cases had required two 
passes to obtain the villi. In one of the cases th2 delta 
maternal serum a-fetoprotein value was 108 ng/ml, 
whica implies transfer of 230 wl of fetal blood. 


Comment 


As illustrated in Fig. I, this study found a positive 
correlation between the amount of vill removed and 
the magnitude of the increase in maternal serum a- 
fetoprotein levels after chorionic villus sampling. The 
delta maternal serum a-fetoprotein value per amount 
of villi removed was also greater when multiple passes 
were required to obtain the sample (Fig. 2). Tkis was 
true when each obstetrician’s performance was consid- 
ered alone or both were combined. Of interest, Warren 
etal.’ found a positive correlation only between number 
of passes and the delta maternal serum a-fetoprotein 
value but found no correlation between the delta ma- 
ternal serum e-fetoprotein value and sample size. Our 
data indicate that both the amount of villi removed and 
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Fig. 2. Relationship between delta maternal serum a-fetoprotein (AMSAFP) value and amount of 
villi removed for one catheter pass (closed circles, lower line, n = 39, r = 0.46, p < 0.005, slope = 0.33) 
and for two or three passes (open circles, upper line, n = 33, r = 0.52 p < 0.005, slope = 0.62). 


the performance of multiple passes results in greater 
delta maternal serum a-fetoprotein values. 

Deriving an amount of fetal blood transferred from 
a delta maternal serum a-fetoprotein value is based on 
the assumption that whole blood is being transferred 
and not simply a transudate containing fetal a-feto- 
protein. The distinction is important because the trans- 
fer of whole blood implies the transfer of fetal red 
blood cells, white blood cells, and platelets. The transfer 
of whole blood is the more likely because the fetal cap- 
illary breakage that occurs with villous biopsy suggests 
the spillage of whole blood. The rapidity of the rise in 
«-fetoprotein levels lends support to this assumption. 

Obtaining clinical data about primary maternal sen- 
sitization to fetal red blood cell, white blood cell, or 
platelet antigens after chorionic villus sampling will be 
a difficult question to address clinically. Most centers 
administer prophylactic anti-Rh,(D) immunoglobulin 
to Rh-negative women after chorionic villus sampling, 
and other maternal-fetal incompatibilities rarely give 
rise to disease. Approximately 70% of Rh-negative sub- 
jects are “responders,” exhibiting a primary arfitibody 
response after a single adequate dose of Rh-positive 
red blood cells.* It is not known exactly how few red 
blood cells are required to cause a primary response in 
such individuals. Jakobowicz et al.’ reported sensitiza- 
tion by Rh-positive red blood cells in a male Rh-negative 
subject after six biweekly injections of 100 pl each. Be- 
cause Rh antibodies usually do not appear in such sit- 
uations before 8 weeks, the minimum amount of Rh- 
positive cells required for primary sensitization is prob- 


ably no more than 300 wl of cells and possibly less than 
100 pul.’ 

Further support for the possibility of Rh sensitization 
after transfer of <100 wl of fetal erythrocytes is found 
in the work.of Zipursky and Israels.” These authors 
examined the incidence of Rh sensitization in Rh-neg- 


-ative women followed up post partum and compiled 


data from two earlier studies; they looked specifically 
at the nurnber of women sensitized after “large” hem- 
orrhages (>100 yl of fetal cells) versus the number 
sensitized after “small” transplacental hemorrhages 
(<100 yl of fetal cells). The acid elution technique of 
Kleihauer et al." with slight modifications was used, its 
lower limit of detectability being one fetal cell in 
100,000 adult red blood cells or 20 wl of fetal eryth- 
rocytes in the maternal circulation. Their patients in- 
cluded 573 Rh-negative women delivered of Rh-posi- 
tive babies. Although the maternal sensitization rate 
was five in 35 or 14.3% of those with a large transpla- 
cental hemorrhage, the rate was still 16 in 538 or 3.0% 
of those with a small fetal-maternal hemorrhage; the 
majority (13 cases) represented <20 ul of fetal eryth- 
rocytes. Moreover five of the 16 women were primi- 
parous, indicating that either a very small fetal-mater- 
nal hemorrhage was responsible for the primary im- 
munization at delivery or a transplacental hemorrhage 
had occurred long before delivery. With additional pa- 
tient numbers from the previously published studies, 
22 of 51 women (43%) who became Rh sensitized after 
delivery had no demonstrable fetal cells in the circu- 
lation post partum, that is, <20 pl of fetal erythro- 
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Fig. 3. Fetal serum a-fetoprotein concentration versus weeks of gestation. Our 15 second-trimester 
fetal values run by nephelometry (open circles) correspond closely with those reported by Gitlin and 
Boesman’ (closed circles) using immunoelectrophoresis. Fetal serum a-fetoprotein concentration at 


10 weeks of gestation is approximately 2 mg/ml. 


Table II. Expectéd volumes of fetal blood 
traristerred for given rises in maternal serum 
a-fetoprotein concentration 


Delta maternal serum Volume of fetal blood 
a-fetoprotein (ng/ml) transferred (pl) 
10 21 
20 42 
29 60 
47 100 
93 200 


cytes.” This amount approximates <60 wl of fetal blood 
at 10 weeks of gestation or a delta maternal serum a- 
fetoprotein value of 29 ng/ml at the time of chorionic 
villus sampling (Table IJ). Although our data indicate 
that this amount of fetal blood is transferred infre- 
quently after chorionic villus sampling, it is nevertheless 
possible for Rh-negative responders to become sensi- 
tized by having the procedure. In our patients 10 of 
72 or 14% had delta maternal serum a-fetoprotein val- 
ues 229 ng/ml and thus might have been at risk for 
Rh sensitization if they had been Rh negative and their 
fetuses Rh positive. | 

Whether prophylactic anti-Rh,{D) immunoglobulin 
should be administered to Rh-negative women after 
chorionic villus sampling remains controversial. From 
our data it seems likely that only a very small percentage 
of such patients are at risk of becoming sensitized from 
chorionic villus sampling. One might anticipate a max- 


imum figure for primary Rh sensitization in Rh-neg- 
ative patients to be 59% (the number with Rh-pasitive 
fetuses) X 14% (the number with 260 ul of fetal blood 
transferred after chorionic villus sampling) x 3% (the 
number who might become sensitized after a small 
transplacental heniorrhage), or approximately one in 
400 (2.5 per 1000) Rh-negative patients undergoing 
choricnic villus sampling. It appears that the majority 
of centers in the United States have accepted the ad- 
ministration of prophylactic antepartum Rh immuno- 
globulin at 28 weeks as standard obstetric care. Inter- 
nationally there remains some controversy regarding 
the cost-effectiveness of routine antepartum therapy 
with Rh immunoglobulin, which is expected to prevent 
eight cases of Rh immunization per 1000 Rh-negative 
women.” Certainly the prevention of only 2.5 cases per 
1000 raises some question as to the cost-effectiveness 
of the administration of anti-Rh,(D) immunoglobulin 
after chorionic villus sampling. An analysis of cost-ef- 
fectiveness, however, is further tempered by the :egal 
climate faced by the practicing obstetrician today. For 
this reason, we have chosen to give anti-Rh,(D) im- 
munoglobulin after chorionic villus sampling and again 
at 28 weeks of gestation. 

The possibility of causing severe Rh isoimmunization 
in previously sensitized women is also of concern.” 
Small transplacental hemorrhages caused by chorionic 
villus sampling may well be enough to boost the anti- 
body response in those women. For this reason previ- 
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ously sensitized women should be counseled as to this 
risk, and we would recommend that they not undergo 
chorionic villus sampling unless the purpose of the test 
is to establish the Rh type of the fetus.” 

Whether women undergoing chorionic villus sam- 
pling are at increased risk for development of antibod- 
ies to other fetal antigens—other blood group antigens, 
platelet antigens, and perhaps even white blood cell 
antigens—is not yet answered. ABO incompatibility se- 
vere enough to require exchange transfusion is rare,” 
and whether small, early transplacental hemorrhage 
may lead to a higher incidence of disease or more severe 
disease in such mother-infant pairs bears watching. 

Ways of preventing transplacental hemorrhage as- 
sociated with chorionic villus sampling are suggested 
by our data. The least amount of villi necessary for 
diagnosis should be obtained, with as few passes of the 
catheter as possible. Both of these objectives are the 
responsibility of the operator-sonographer team per- 
forming chorionic villus sampling, who should gain 
enough experience with the technique in patients un- 
dergoing elective termination of pregnancy before em- 
barking on continuing pregnancies. It is also the re- 
sponsibility of laboratories working with chorionic vil- 
lous samples to aim for accurate and timely results with 
a small amount of tissue. 


We gratefully acknowledge the excellent technical 
support of Ms. Janice Robinson. 
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Echocardiographic left ventricular mass to differentiate chronic 
hypertension from preeclampsia during pregnancy 


James A. Thompson, M.D., Patricia M. Hays, M.D., Karin B. Sagar, M.D., and 


Dwight P. Cruikshank, M.D. 
Richmond, Virginia 


In order to differentiate pregnancy-induced hypertension from chronic systemic hypertension, we measured 
left ventricular mass for comparison in each trimester of pregnancy in 11 normotensive patients and 14 
patients with chronic hypertension and in the third trimester in 10 patients with pregnancy-induced 
hypertension. The mean left ventricular mass was comparably increased above normal in the patients with 
chronic hypertension in all three trimesters. In the third trimester in the normotensive women, left 
ventricular mass (147 + 12 gm) was similar to that of the group with pregnancy-induced hypertension 
(157 + 16 gm), whereas the group with chronic hypertension had an elevated left ventricular mass 

(238 + 39 gm) (p < 0.01). However, three patients with chronic hypertension developed superimposed 
pregnancy-induced hypertension. We concluded that an elevated left ventricular mass during pregnancy is 
consistent with underlying chronic hypertension but does not rule out superimposed pregnancy-induced 
hypertension. A normal left ventricular mass in the third trimester of a hypertensive pregnancy is most 
consistent with pregnancy-induced hypertension. (Am J Osstet GynecoL 1986;155:994-9.) 


Key words: Preeclampsia, chronic hypertension, echocardiography 


Hypertensive disease complicating pregnancy is a 
leading cause of maternal and perinatal mortality. Hy- 
pertensive disease may be due to essential hyperten- 
sion, renal hypertension, or pregnancy-induced hy- 
pertension (preeclampsia). The optimal management 
of hypertension requires an accurate diagnosis of the 
underlying cause. The differentiation of pregnancy- 
induced hypertension from essential hypertension re- 
mains a crucial diagnostic dilemma. 

Left ventricular hypertrophy plays a central role in 
chronic adaptation to the pressure overload of the sys- 
temic circulation. The degree of hypertrophy parallels 
the severity and duration of the pressure overload.' 
Therefore, gravid women with chronic hypertension 
should have an elevated left ventricular mass whereas 
normotensive patients should have a normal left ven- 
tricular mass during pregnancy. Accordingly, if patients 
with pregnancy-induced hypertension have a normal 
left ventricular mass, the latter could be used to dif- 
ferentiate chronic hypertensive disease in pregnancy 
from pregnancy-induced hypertension. 

We therefore designed this study to determine (1) if 
echocardiographic left ventricular mass changes during 
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normal pregnancy, (2) if left ventricular mass was el- 
evated in essential hypertension during pregnancy, (3) 
if left ventricular mass was altered by pregnancy-in- 
duced hypertension, and (4) if left ventricular mass 
could distinguish essential hypertension from preg- 
nancy-induced hypertension. 


Material and methods 


Selection and characteristics of patients. Thirty-nive 
pregnant women were recruited into the study after 
detailed explanation and informed consent according 
to the guidelines of the Human Research Commitee. 
Three groups of patients were studied. The first grcup 
(group 1) consisted of 11 normotensive patients with- 
out evidence of preexisting hypertension whose prg- 
nancies remained uncomplicated. The second group 
(group 2) consisted of 14 patients with chronic hyper- 
tension (blood pressure >140/90 mm Hg) antedating 
pregnancy. Most pregnant patients with chronic hy- 
pertension had a history of antihypertensive drug ther- 
apy and were managed in the usual fashion according 
to the standard obstetric practice for the study. The 
third group (group 3) consisted of 10 patients w.th 
pregnancy-induced hypertension (preeclampsia) whcse 
blood pressure exceeded 140/90 mm Hg associated 
with proteinuria of =300 mg/24 hours. None had a 
relevant medical history or previous hypertension and 
all had an elevation of blood pressure only during tre 
third trimester of pregnancy. 

Echocardiograms were obtained in groups | and 2 
between 12 and 14 weeks (first trimester), between 24 
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Table I. Clinical data 


Normotenstve Chronic hypertension 
(n = 11) (n = 14) 


Age (yr) 
Mean 24.1 
Range 19-29 
Parity 
Mean 0.6 
Range 0-5 
Body surface area, third trimester (m’) 
Mean 1.86 + 0.1 
Range 1.69-2.02 
Gestational age at delivery (wk) (mean + SD) 39.1 + 3.0* 
*p < 0.05. 


and 26 weeks (second trimester), and between 32 and 
38 weeks (third trimester). In group 3 echocardiograms 
were obtained between 32 and 38 weeks. All blood pres- 
sure measurements were obtained on the same day the 
echocardiograms were obtained, except for subjects in 
group 3, in whom the first- and second-trimester blood 
pressures were obtained retrospectively from clinical 
records. 

Echocardiographic methods. Echocardiography was 
performed in the patients with normal pregnancy and 
in those with chronic hypertension in the noninvasive 
cardiac laboratory. All studies were performed with an . 
Irex System II echocardiograph machine. Echocar- 
diography was performed in patients with pregnancy- 
induced hypertension at the bedside in an obstetric 
unit. All measurements were made with a Smith-Kline 
recorder. Patients were examined in the supine or left- 
lateral decubitus position with a transducer placed in 
the left third to fifth intercostal space. Care was taken 
to obtain simultaneous echos from the posterior edge 
of the interventricular septum and the left ventricular 
endocardium, epicardium, and pericardium. Record- 
ings were performed Just below the level of the mitral 
leaflets. Tracings were obtained at a paper speed of 50 
to 100 mm/second. 

Measurements and calculations. Echocardiographic 
analysis was performed by one observer without knowl- 
edge of the subject’s blood pressure. Measurements of 
left ventricular wall and chamber dimensions were per- 
formed as described by Sahn et al.? Left ventricular 
mass was calculated with the D-cubed formula of Dev- 
ereax and Reichek,® which assumes the left ventricle is 
a prolate ellipsoid. The cube of the left ventricular in- 
ternal dimension is an estimate of the left ventricular 
end-diastolic cavity volume. Left ventricular myocardial 
valume is calculated by subtracting this left ventricular 
cavity volume from an estimate of total left ventricular 
vclume. The total left ventricular volume is derived by 
cubing the sum of the left ventricular internal dimen- 
sion, the interventricular septal dimension, and the pos- 
terior wall thickness. Left ventricular myocardial mass 
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Pregnancy-induced hypertension 


(n = 10) 
29.2* 24.3 
21-43 16-34 
2.4* 0.2 
0-9 0-1 
1.97 + 0.18 1.81 + 0.17 
1.65-2.25 1.51-2.09 
37.1 + 0.82 35.4 + 3.7 


was converted into left ventricular mass by multiplying 
by 1.05, the specific gravity of the myocardium. Pre- 
vious investigation has demonstrated a high degree of 
reproducibility for the measurements and anatomic 
validation of this formula.’ 

Mean arterial pressure was calculated by adding 
one third of the pulse pressure to the diastolic blood 
pressure: 


SBP-DBP 


MAP = DBP + 3 


where MAP = mean arterial blood pressure, DPB = 
diastolic blood pressure, and SBP = systolic blood 
pressure. Body surface area was calculated from the 
DuBois body surface area chart with the use of the 
actual height and weight of the patient. 

Statistica] comparison was performed among all 
groups with the use of one-way analysis of variance and 
Duncan’s multiple range test as suggested by Wallen- 
stein et al.* A difference between groups was consid- 
ered significant if the p value was <0.05. All data are 
reported as means + SD. 


Results 


Comparison of age, parity, body surface area, and 
gestational age among the three groups is shown in 
Table I. The patients with chronic hypertension were 
significantly older and of higher parity than either the 
normotensive patients or those with pregnancy-in- 
duced hypertension. Body surface area was similar for 
all groups. Not unexpectedly, the normotensive pa- 
tients achieved the longest gestational ages. No differ- 
ence in gestational age at delivery was noted between 
the group with chronic hypertension and those with 
pregnancy-induced hypertension. 

Direct echocardiographic measurements are de- 
picted in Table IJ. The left ventricular end-diastolic 
dimension was significantly elevated in all three trimes- 
ters in the group with chronic hypertension compared 
with the normotensive group and in the third trimester 
in the group with chronic hypertension compared with 
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Table II. Direct echocardiographic measurements 


LVED, (cm) 
NL 


12-14 wk 24-26 wk 34-36 wk 


November 1986 
Am J Obstet Gynecol 


Comparison of 
groups 


4.46 + 0.28 4.52 £ 0.24 4.50 + 0.23 l vs 2 = p< 0.01 

CHT 4.81 + 0.387 P < 9.0! 4.88 + 0.44>P < 0.01 4.80 + 0.49 2vs3 = p< 0.03 

PIH — — 4.44 + 0.51 lvs 3 = NS 
LVES, (em) 

NL 2.98 + 0.16 2.90 + 0.15: 2.87 + 0.19 l vs 2 = NS 

CHT 9.98 + 034-5 3.00 + 0.487 NS 9.98 + 0.61 2 vs 3 = NS 

PIH = = 9.98 + 0.47 l vs 3 = NS 
SEPT (cm) 

NL 0.82 + 0.10 0.84 + 0.05 0.82 + 0.06 l vs 2 = p < 0.00] 

CHT EO Liao © 005 1.01 + 0.34 2vs3=p<001 

PIH a - 0.91 + 0.14 I vs $ = p < 0.05 
PWT (cm) ; 

NL 0.82 + 0.12 0.77 + 0.25 0.74 + 0.11 lvs2=p<0.001 

CHT 0.99 + 0.20>P < 0-05 1.0 0177P < 9.05 1.03 + 0.16 2vs3=p<0.01 

PIH ae es 0.81 + 0.14 l vs 3 = NS 
LVFS (%) 

NL 35.0 + 5.1 35.8 + 4.0 35.6 + 5.0 NS 

CHT 38.4 + 6.6 NS 38.1 + 6.7 NS 38.0 + 6.4 NS 

PIH = a 34.3 + 4] NS 
EJF (%) 

NL 70.0 + 6.2 715 * 65 71.6 7.1 NS 

CHT 72.8 + 6.32 NS 72.2 + 76>NS 73.6 + 8.9 NS 

PIH s ee 70.8 + 6.0 NSS, 


LVED, = Left ventricular end-diastolic dimension; LVES, = left ventricular end-systolic dimension; Sept = septal thickness: 
PWT = posterior wall thickness; LVFS = left ventricular wall thickness; EJF = left ventricular ejection fraction; NL = normal 


pregnancy group; CHT = chronic hypertension group; PIH = pregnancv-induced hypertension group. 


the group with pregnancy-induced hypertension. No 
change, however, was seen in the left ventricular end- 
systolic dimension during any trimester within groups 
l and 2. Interestingly, no significant changes were 
noted in left ventricular dimensions as the gestation 
progressed in either the chronic hypertension or nor- 
mal groups. Measurements of septal wall thickness and 
posterior wall thickness revealed significant concentric 
hypertrophy in all three trimesters in women with 
chronic hypertension compared with the normal group 
and the group with pregnancy-induced hypertension 
during the third trimester. Although both the fractional 
shortening and the left ventricular ejection fraction 
tended to be increased in the group with chronic hy- 
pertension, there was no statistical significance. The 
slightly increased ejection fraction in all groups is con- 
sistent with pregnancy and suggests that systolic func- 
tion is well maintained in all three groups. 

Fig. 1 shows the mean arterial blocd pressure during 
each trimester of pregnancy among the three groups. 
The mean arterial blood pressure in the patients with 
chronic hypertension during the first trimester (100 + 
11.2 mm Hg) was significantly elevated above the values 
in the normal group (86.7 + 8.5mm Hg, p < 0.01) and 
in the group with pregnancy-induced hypertension 
(83.7 + 11.1 mm Hg, p< 0.01). During the second 
trimester a modest decrease in mean blood pressure 
was noted in all three groups. Still the blood pressure 


in the group with chronic hypertension (89.2 + 12.7 
mm Hg) remained elevated above values in the normal 
group (74.2 + 6 mm Hg, p < 0.01) and the group with 
pregnancy-induced hypertension (74.9 + 8.3 mm Hg, 
p < 0.01). During the third trimester the mean blood 
pressure in the normal group dropped slightly (72.7 + 
3.3 mm Hg) whereas the blood pressure in the group 
with chronic hypertension rose slightly (92.5 + 9.8 mm 
Hg) but still remained significantly different from that 
of the control group (group 1) (p < 0.01). This rise in 
blood pressure in the group with chronic hypertension 
can be attributed to three patients who developed mild 
superimposed pregnancy-induced hypertension. The 
group with pregnancy-induced hypertension devel- 
oped significantly elevated blood pressure (123.2 + 14 
mm Hg) in comparison with that of the normal group 
(72.7 + 3.3 mm Hg, p< 0.01) and the group with 
chronic hypertension (92.5 + 9.8 mm Hg, p < 0.01). 
Left ventricular mass in grams according to weeks of 
gestation is depicted in Fig. 2. The left ventricular mass 
in the chronic hypertension group was significantly el- 
evated above that of the normal group in all three 
trimesters. No change in left ventricular mass was noted 
during the progression of pregnancy in either group. 
The left ventricular mass in the group with pregnancy- 
induced hypertension was similar to that of the nor- 
motensive group and thus was significantly less than 
that of the group with chronic hypertension (p < 0.01). 
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The discrete data of the left ventricular mass during 
the third trimester among the three groups are shown 
in Fig. 3. Twelve of the 14 patients with essential hy- 
pertension, as compared with none in the other two 
groups, had a left ventricular mass >200 gm. 


Comment 


Our results support the following important conclu- 
sions: (1) Left ventricular mass did not change from 
the first trimester to term during normal pregnancy; 
(2) left ventricular mass was increased in chronic hy- 
pertension during each trimester of pregnancy; (3) left 


ventricular mass was not altered by pregnancy-induced | 


hypertension in the third trimester of pregnancy. 
Therefore an increased left ventricular mass in the hy- 
pertensive pregnant patient is consistent with under- 
lying chronic hypertension. A normal left ventricular 
mass in the hypertensive pregnant patient during the 
third trimester is most consistent with pregnancy-in- 
duced hypertension. Left ventricular mass determi- 
nation has limitations for the diagnosis of pregnancy- 
induced hypertension alone, since pregnancy-induced 
hypertension can be superimposed on the patient with 
chronic hypertension in the third trimester. This de- 
termination still has useful implications in differen- 
tiating pregnancy-induced hypertension from under- 
lying chronic hypertension but importantly identifies 
patients with chronic hypertension for long-term as- 
sessment. 

In chronic hypertension, an increase in left ventric- 
ular mass results as a structural adaptation to the in- 
creased afterload on the heart. The stimulus for hy- 
pertrophy in hypertension is controversial but is likely 
related to increased wall stress.° This hypertrophy leads 
to normalization of wall stress after a prolonged period 
of time on the basis of the Laplace law. Factors besides 
elevated arterial pressures have also been shown to play 
ar: important role in the’ development of cardiac hy- 
pertrophy. These factors are increased cardiac output, 
increased plasma volume, increased adrenergic activity, 
and increased systemic vascular resistance. 

The hemodynamic changes during normal preg- 
nancy have been well characterized,*’ but conflicting 
reports exist concerning the hemodynamics during var- 
ious hypertensive states in pregnancy. Cardiac output 
measurements in hypertensive pregnancy have been 
conflicting since they have been reported as showing 
an increase by Benedetti et alf unchanged by Assali 
et al.,° or reduced by Smith. These discrepancies are 
most likely due to different methods of measurement, 
different treatment modalities, and lack of completely 
separating the different causes of the hypertension. 
Most recently Kuzniar et al.'' demonstrated an in- 
creased cardiac output and an increased systemic vas- 
cular resistance, both well above the normal for preg- 
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Fig. 1. Serial measurements of mean arterial blood pressure 
according to weeks of gestation are depicted. * Denotes 
p < 0.01 in comparison with the other two groups except in 
third trimester where ** denotes p < 0.001 in comparison 
with each of the other two groups. 


nancy, in patients with essential hypertension. Thus 
factors responsible for increased left ventricular mass 
exist in gravid women with essential hypertension. We 
therefore chose to measure left ventricular mass, hy- 
pothesizing that the long-term consequences of essen- 
tial hypertension should lead to an increase in left ven- 
tricular mass In comparison with that in preeclamptic 
patients. 

In this study we found that 12 of 14 patients with 
essential hypertension had an increased left ventricular 
mass of >200 gm, whereas none of the patients with 
normal pregnancy had a left ventricular mass of >200 
gm. In the patients with pregnancy-induced hyperten- 
sion who had no previous history of underlying chronic 
hypertension, none of the patients had a left ventricular ` 
mass of >200 gm. However, three patients in the 
chronic hypertension group developed pregnancy-in- 
duced hypertension. Thus, in the third trimester of 
pregnancy in the hypertensive patient, a left ventricular 
mass of <200 gm suggests that the patient has preg- 
nancy-induced hypertension, whereas a left ventricular 
mass of >200 gm suggests that they have underlying 
chronic hypertension but does not rule out the pos- 
sibility of superimposed pregnancy-induced hyper- 
tension. 

An important finding in this study is that left ven- 
tricular mass did not increase with pregnancy-induced 
hypertension. Absence of this increase in left ventric- 
ular mass in pregnancy-induced hypertension could be 
due to shorter duration of the elevated blood pressure, 
decreased plasma volume, or possibly decreased cardiac 
output. Increased vascular resistance and decreased 
circulating blood volume with impaired perfusion of 
various organs are recognized as important patho- 
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Fig. 2. Left ventricular mass in grams according to weeks of gestation is depicted. NL = Normal 
pregnancy; CHT = pregnancy with chronic hypertension, and PIH = pregnancy-induced hyper- 
tension. * Denotes p < 0.01 in the CHT group in comparison with either the NL or the PIH group. 
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Fig. 3. Discrete data of the left ventricular mass during the 
third trimester are depicted. NL-P = Normal pregnancy; 
CHT-P = pregnancy with chronic hypertension, and PE = 
pregnancy-induced hypertension. * Denotes p < 0.01 in com- 
parison with each of the other two groups. 


physiologic features of the preeclamptic syndrome.” 
Using invasive monitoring Groenendijk et al. found 
that the cardiac index was uniformly decreased in pre- 
eclampsia in the third trimester. Importantly, Hays 
et al." recently showed that not only is the plasma vol- 
ume decreased in preeclampsia in the third trimester 
but the decrease in plasma volume is notable by the 
second trimester. Our data would suggest that the in- 
creased pressure in the preeclamptic patient group is 
of such short duration that no notable increase in left 
ventricular mass takes place; however, decreased car- 
diac output or a low plasma volume could also play a 
role. 


To establish a baseline for pregnant women, we se- 
rially determined the left ventricular mass during each 
trimester of pregnancy. We did not observe a change 
in left ventricular mass during the three trimesters of 
normal pregnancy. Our data are quite consistent with 
the left ventricular mass measured by Katz et al." dur- 
ing pregnancy as well as with the left ventricular in- 
ternal dimensions and wall thickness observed by other 
investigators.” Since our initial measurements were ob- 
tained at the end of the first trimester, however, we 
cannot conclusively state that an increase of left ven- 
tricular mass did not occur during early pregnancy. 
Recently, Laird-Meeter et al.’® have published data that 
demonstrated no change in left ventricular mass during 
normal pregnancy. 

In certain clinical cases the differentiation of acute 
preeclampsia from essential chronic hypertension is an 
important but difficult diagnostic dilemma. A typical 
obstetric problem is a gravid woman who presents after 
the twentieth week of gestation is initially normoten- 
sive, and then becomes mildly hypertensive, thus cre- 
ating a problem of differential diagnosis and manage- 
ment. In such clinical situations, administration of an 
antihypertensive regimen would be considered if there 
was strong evidence that the rise in blood pressure rep- 
resented underlying chronic hypertension rather than 
acute preeclampsia. A similar problem arises when the 
woman presents in the second half of pregnancy with 
no record of blood pressure in early pregnancy and 
with persistent marked elevation of blood pressure in 
the range of 160 mm Hg systolic or #110 mm Hg 
diastolic. In this clinical setting the differential diag- 
nosis includes severe preeclampsia or severe essential 
chronic hypertension with or without superimposed 
preeclampsia. The measurement of left ventricular 
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mass may help to delineate the patient with underlying 
chronic hypertension. Although the immediate obstet- 
ric Management may not be altered, the long-term 
medical management would most certainly include ad- 
equate antihypertensive therapy and careful follow-up 
of the patient with essential hypertension. In addition 
the diagnosis of chronic hypertension with or without 
superimposed preeclampsia could alter her future ob- 
stetric management and prognosis. 
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The antemortem diagnosis of amniotic fluid embolism has traditionally relied on the identification of 
amniotic fluid debris in the maternal circulation by central venous or pulmonary arterial catheterization. 
Pulmonary artery blood specimens from 14 term pregnant women with severe pregnancy-induced 
hypertension suggest that squamous or trophoblastic cells may be normally present in the maternal 
pulmonary circulation during the peripartum period and that their presence is not pathognomonic of 
clinically significant amniotic fluid embolism. (Am J Osstet GYNECOL 1986;155:999-1001.) 
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Amniotic fluid embolism is a rare but potentially dev- 
astating complication of pregnancy that often results 
in poor obstetric outcome. Although the phenomenon 
of amniotic fluid embolization into the maternal cir- 
culation was first described in 1926, it was not until 15 
years later that a report by Steiner and Lushbaugh 
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emphasized its clinical significance in eight women who 
experienced sudden peripartum death. More recently 
the antemortem diagnosis of amniotic fluid embolism 
has depended on the recovery of amniotic debris from 
the maternal pulmonary artery circulation in addition 
to the presence of cardiorespiratory symptoms. We 
wish to report our experience with the detection of 
amniotic or placental elements in pregnant patients by 
invasive hemodynamic monitoring. 


Material and methods 


Fourteen patients undergoing right heart catheter- 
ization at Jefferson Davis Hospital, Houston, Texas, 
were evaluated for the presence or absence of amniotic 
fluid or placental elements by pulmonary artery sam- 
pling. Informed consent was obtained from each study 
patient in accordance with the guidelines approved by 


the Baylor College of Medicine Institutional Review - 


Board for Human Studies. Three pulmonary artery 
blood samples (15 ml) were collected from each patient 
during the first stage of labor, immediately after pla- 
cental removal, and within 4 hours of delivery. A 
Wright-stained specimen of whole blood was examined 
for squamous cells and under polarization microscopy 
for birefringent lanugo hairs. The anticoagulated sam- 
ple (containing ethylenediaminetetraacetic acid) was 
centrifuged at 1000 rpm and the resulting buffy coat 
monolayer was smeared onto three glass slides. These 
preparations were left to air dry and were subsequently 
processed with Papanicolaou-Gill’s hematoxylin, pe- 
riodic acid—Schiff, and oil red O stains for the presence 
of fetal squames, trophoblastic cells, mucus threads, 
and fat. Microscopic examination of these slides was 
undertaken by an independent reviewer who was not 
familiar with the clinical presentation of the patients. 


Results 


The study population was composed of five eclamptic 
and nine severely preeclamptic women who were mon- 
itored by pulmonary artery catheterization. None of 
these patients showed signs of cardiopulmonary dete- 
rioration suggestive of amniotic fluid embolism. Three 
of fourteen patients showed evidence of squamous cells 
or trophoblastic cell deportation to the maternal pul- 
monary circulation. Mucus threads or fat droplets were 
not present in any of the blood samples collected. Two 
of the three patients experienced eclamptic seizures 
before collection of the samples. Both were found to 
have squamous cells in blood smears cbtained from 
pulmonary artery catheters within 4 hours of delivery. 
The third patient was noted to have trophoblasts in 
pulmonary arterial blood collected during labor al- 
though these cells were not present in the subsequent 
peripartum samples. Of the four methods described, 
the Papanicolaou smear was the most reliable staining 
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technique for identifying amniotic fluid debris The 
other staining methods used did not detect ammiotic 
fluid or placental debris. None of the patients wita pos- 
itive findings in the pulmonary artery samples devel- 
oped clinical signs or symptoms consistent with amni- 
otic fluid embolism. 


Comment 


Numerous case reports have appeared in the liter- 
ature citing the presence of squamous epithelial cells, 
trophoblastic cells, fetal mucin, meconium, and fa. cells 
in central venous blood of women with amniotic fluid 
embolism. However, the antemortem diagnosis o7 em- 
bolism on this basis does presume that the finding of 
amniotic fluid or placental elements in the central cir- 
culation is indeed abnormal. This assumption has not 
been fully investigated in pregnant women who d» not 
otherwise have signs and symptoms of this disorcer. 

Attwood and Park have previously documented the 
presence of trophoblastic embolism in the maternal 
lungs by histochemical methods. In their postmo-tém 
series, trophoblastic emboli to the maternal lungs were 
documented in 96 of 220 cases (43.6%). Approximately 
70% of these deaths were attributed to causes cther 
than amniotic fluid embolism, including pregnanc.-in- 
duced hypertension, hemorrhagic shock, and sepsis. 
They found that the greatest number of trophoblastic 
cells in the maternal pulmonary circulation were fcund 
in women who died in late gestation, especially arcund 
the time of parturition. These investigators speculated 
that the percentage of patients from whom tropho- 
blastic cells were identified would increase in direct oro- 
portion to the amount of maternal pulmonary tissue 
analyzed. In this context trophoblastic embolizazion 
from the placenta should not be considered an unusual 
event. . l 

More recently Clark et al.' have identified squamous 
cells in the maternal pulmonary circulation from a ^et- 
erogenous group of sixteen pregnant women who un- 
derwen:.invasive hemodynamic monitoring. Seventeen 
of their nonpregnant control patients also demon- 
strated squamous cells in the pulmonary circulation. 
Only one patient was diagnosed as having fatal amni5tic 
fluid embolism. She had one of the lowest semiquan- 
titative squamous cell counts noted in their series. 

Presently it does not appear possible to different:ate 
between squamous cells of fetal origin and epidermal 
artifact secondary to the procedure of right heart ceth- 
eterization. In view of the above considerations <he 
presence of squamous cells in the pulmonary art2ry 
circulation should not be considered uniformly abnor- 
mal during the peripartum period. 

Unlike the studies of Clark et al.' squamous cells were 
not uniformly noted in the majority of our patients 
studied. All of their specimens were handled by a tezh- 
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nician wearing both gloves and a hairnet to minimize 
unrelated epidermal contact with the slide surfaces. It 
was interesting that only three of 14 patients in our 
series had positive cytologic findings since we did not 
take any special precautions such as gloves or hairnets 
to minimize artifactual contamination. Despite these 
discrepancies, both studies do emphasize that the pres- 
ence of squamous cells in the pulmonary artery cir- 
culation should not necessarily be interpreted as defin- 
itive evidence for amniotic fluid embolism. Pregnant 
patients with cardicrespiratory instability must be 
agressively evaluated for not only the remote possibility 
of amniotic fluid embolism but also other critical ill- 
nesses, including sepsis, shock, pulmonary thrombo- 
embolism, and cardiac disease. 

Covone et al.” recently identified the presence of tro- 
phoblastic cells in the maternal peripheral circulation 
in 30% to 80% of 46 pregnant women. followed up 
throughout gestation. Trophcblastic cells were har- 
vested by peripheral blood centrifugation at 2000 rpm 
for 30 minutes at 4° C and their actual recovery rate 
was dependent on the subtype of trophoblastic cell 
studied by the monoclonal antibody technique. In con- 
trast in the present study we used blood specimens from 
the pulmonary artery circulation and a lesser amount 
of centrifugation time at lower revolutions per minute. 
It is possible that these methodologic differences could 
account for a lower recovery rate of trophoblastic cells 
(in one of 14 patients) as noted in our study. However, 
both reports are in agreement with the earlier obser- 
vations of Attwood and Park that trophoblastic cells are 
commonly present in the maternal circulation during 
pregnancy. | 

We were not able to demonstrate the presence of fat 
cells or mucin by the use of periodic acid—Schiff and 
cil red O stains. Among the histochemical techniques 
studies, the Papanicolaou stain appears to be the most 
sensitive method for identifying blood-borne squamous 
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or trophoblastic cells. This does not rule out the po- 
tential utility of other staining techniques in women 
with probable amniotic fluid embolism. When com- 
pared with the nonspecific finding of squamous cells 
by the Papanicolaou method it is possible that the iden- 
tification of mucous threads or fat cells may actually be 
more reliable for confirming this diagnosis in symp- 
tomatic patients. . 

In summary, our preliminary results from a small 
number of asymptomatic patients are consistent with 
the concept that squamous and trophoblastic cells may 
be normally present in the maternal pulmonary cir- 
culation during the peripartum period. The presence 
of such debris in the maternal pulmonary circulation 
does not appear to be pathognomonic for the diagnosis 
of amniotic fluid embolism. By contrast, mucous 
threads or fat droplets were not detected, which sug- 
gests that a search for confirmatory evidence of em- 
bolism might center on the identification of elements 
other than squamous or trophoblastic cells. Although 
further investigation will help to clarify this issue it is 
likely that the timing of sample collection will be a major 
confounding factor since deportation of amniotic fluid 
elements to the maternal pulmonary circulation may 
occur in a random fashion. 


We wish to thank Karen Dorman, R.N., and Toni 
Stinson Carter, C.T.(A.S.C.P.), for their assistance. 
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Antibodies to phospholipids and nuclear antigens in patients 


with repeated abortions 


Susan Cowchock, M.D., J. Bruce Smith, M.D., and Benjamin Gocial, M.D. 


Philadelphia, Pennsylvania 


The frequency of positive tests for antibodies to nuclear antigens (antinuclear, deoxyribonucleic acid, Ro, 
La, Smith, and ribonucleoprotein) or to phospholipids was investigated in 82 patients with isolated 
repeated abortions. Patients with a positive antibody test (positive or negative deoxyribonucleic acid 
antibodies) appeared te be a separate subgroup of those with unexplained repeated abortions from those 
with antibodies to cardiolipin. A total of 13.1% of the 61 patients with unexplained repeated abortions had 
elevated levels of IgM and/or IgG anticardiolipin antibody, while none were {ound in patients with 
explained abortions (p < 0.1). Enzyme-linked immunosorbent assays for antibodies binding to other 
phospholipids suggested that sera from patients with repeated abortions who had the lupus anticoagulant 
contained antibodies that were most often of the IgG class with affinity for negatively charged 
phospholipids. Binding of IgG but not IgM antibodies to cardiolipin correlatec closely with that to other 
negatively charged phospholipids. The use of clotting tests for the lupus anticoagulant to screen patients 
with repeated abortions for associated autoantibodies is likely to significantly underestimate the extent of 


this clinical problem. (AM J OssTeT GYNECOL 1986;155:1002-10.) 


Key words: Repeated abortion, phospholipid anUOOUIES, cardiolipin antibody, antinuclear 


antibody, lupus anticoagulant 


In a previous study we reported that the incidence 
of positive serologic tests for autoimmunity was in- 
creased in patients with three or more unexplained 
abortions and suggested that such patients with a pos- 
itive antinuclear antibody test and at least one other 
positive test might have “subclinical autoimmune dis- 
ease.”' The “lupus anticoagulant” phenomenon has 
been associated with a high risk for pregnancy loss in 
patients with and without an autoimmune disease." 
This phenomenon, measured by prolongation of in vi- 
tro clotting times, has been identified as one effect 
of circulating autoantibody(ies) that binds negatively 
charged phospholipids.*’ Since our report, sensitive as- 
says for antibodies to one of these phospholipds, car- 
diolipin, have been developed and anticardiolipin an- 
tibody(ies) has been associated with pregnancy loss in 
patients with autoimmune diseases and, by logical ex- 
tension, in those without any other disorder.*” 

In this study we investigated: (1) the relationship 
between antibodies to nuclear antigens and to the 
phospholipid cardiolipin in 82 patients with repeated 
abortions as an isolated complaint, (2) antibody bind- 
ing to other phospholipids in anticardiolipin antibody— 


From the Divisions of Rheumatology, Genetics, and Endocrinology, 
Departments of Medicine and Obstetrics and Gynecology, Jefferson 
Medical College. 

Received for publication January 16, 1986, revised May 12, 1986; 
accepted July 11, 1986. 

Reprint requests: S. Cowchock, M.D., 408 Curtis Bldg., JMC, 1015 
Walnut St., Philadelphia, PA 19107. 


1002 


containing sera from patients in this study and from 
patients with repeated abortions initially ascertained 
through the presence of the lupus anticoagulant effect 
or a diagnosed autoimmune disease, (3) the possibility 
that the measurement of anucardiolipin antibody might 
overlook antibodies binding other important phospho- 
lipids by measuring these in anticardiolipin antibedy— 
negative sera from patients considered to be at high 
risk for such autoantibodies (because a high tite> of 
antinuclear antibody was found or because placental 
infarction was diagnosed in a previous pregnancy). 


Methods 


Patient population. Patients in the prospective study 
were those referred to the Pregnancy Loss Cente? of 
Medical Genetics for evaluation after at least two preg- 
nancy losses. Laboratory evaluation for each patent 
with two losses included parental chromosome karyo- 
types, autoantibody studies, and luteal phase eva.ua- 
tion. (Luteal phase evaluation for patients with two 
losses was limited to screening tests such as basal tem- 
perature charting and midluteal progesterone levels.) 
Invasive testing such as hysterosalpingography or en- 
dometrial biospy was performed in this group of pa- 
tients only if indicated by clinical history or the initial 
screening studies (a luteal phase length <12 days ora 
midluteal progesterone level <10 ng/ml). Patients with 
three or more losses also underwent hysterosalpingog- 
raphy (unless empty gestational sacs or intrauterine fe- 
tal death was documented in these pregnancies by ul- 
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trasonography). Endometrial biopsies were also per- 
formed in all patients with three or more first-trimester 
abortions. Patients with positive cervical cultures for 
mycoplasmas and chlamydia were treated. 

A careful obstetric history was obtained from each 
patient and the patients were questioned about a family 
history of autoimmune disease, alopecia, migraine 
headache, Reynaud’s syndrome, arthralgias, pleuritic 
pain, easy bruising, or a photosensitive rash. Eight pa- 
tients with known autoimmune disease and repeated 
abortion were excluded from the first part of this study. 
These included patients with corticosteroid-responsive 
alopecia (one, antibody negative), Graves’ disease (one, 
antibody negative), myasthenia gravis (one, antinuclear 
antibody negative, anticardiolipin antibody positive), 
“undifferentiated connective tissue disorder” (one, 
both antinuclear antibody and anticardiolipin antibody 
positive), and systemic lupus (four, all antinuclear an- 
tibody positive, two of four anticardiolipin antibody 
positive). None of the remaining patients met any of 
the major or minor criteria for a systemic autoimmune 
disease. Three patients whose sera were referred be- 


cause a diagnosis of the lupus anticoagulant was estab- 


lished elsewhere were also excluded from the first part 
‘of the study. The inclusion of patients because of a 
history of autoimmune disease or because of abnormal 
clotting tests would have led to significant overesti- 
mation of the frequency of anticardiolipin antibody in 
patients with isolated repeated abortions. Only five of 
the patients in this report were among those included 
in the previous study: four with explained abortions 
and one with unexplained abortions. 

On the basis of the evaluation described, 61 pa- 
tients were considered to have unexplained repeated 
abortions (group 2), and 21 to have explained re- 
peated abortions (group 1). Among the 21 patients in 
group 1 were six with parental chromosome translo- 
cations, seven with an abnormal uterus (two septate, 
one incompetent cervix, and five synechiae), and six 
with documented luteal phase defects. Two patients 
who were delivered of live-born infants with known 
single gene disorders (Robert’s syndrome and arthy- 
rogryposis) were also included in this group. Because 
of our known interest in unexplained abortion, the 
number of patients with other diagnoses should not be 
considered typical of the proportions in this popula- 
tion. Autoantibody tests from patients who were preg- 
nant at testing were excluded from the study. 

Laboratory. An enzyme-linked immunosorbent assay 
for IgG and IgM antibodies binding to the phospho- 
lipid cardiolipin was used as previously described, with 
the modification that a standard curve was obtained 
with the use of appropriate dilutions of sera with known 
IgG or IgM class anticardiolipin antibody.” The highest 
dilutions were chosen to yield an optical absorbance of 
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Table I. Data on all patients with repeated 


abortion 
(n = 21) | (n= 61) | p Value 

Gravidity 
Mean 3.6 3.9 0.5 
Range 2-6 2-11 

No. of losses 
Mean 3.1 3.4 0.5 
Range 2-6 2-11 

Patients with induced 
abortion(s) | 
No. 5/21 6/61 0.11 
% 24 10 

Patients with live births 
No. 5/21 17/61 0.5 
% 24 29 


Patients with second- or 
third-trimester losses 
No. 6/21 16/61 0.5 
% 29 26 
Patients with primary 
first-trimester 


abortion 

No. 11/20* 29/59* 0.4 

%o 55 49 
Race 

Black 3 5 0.3+ 

Chinese l — 

Hispanic — 2 

White 17 54 
Antinuclear antibody 

1:40 

No. 3/21 18/61 0.1 

% 14 30 
Antinuclear antibody 

1:500 

No. 2/2} 10/61 0.4 

% 9.5 16.4 
Antinuclear antibody 

and native deoxyri- 

bonucleic acid posi- 

tive results i 

No. 0/21 3/61 0.4 

% 0 4.9 
Anticardiolipin 

antibody 

No. 0/21 8/61 0.08 

% 0 13.0 


*Patients with induced abortion excluded. 
+ White vs. nonwhite. 


0.6 to 0.8 at 405 nm under the reported assay condi- 
tions. These highest dilutions were assigned an arbi- 
trary value of 100 units per milliliter. Under these con- 


- ditions a linear curve is obtained for the standards when 


plotted on a log-logistic probability scale. Control sera 
with normal, elevated IgG, and elevated IgM antibody 
levels and blank wells with no sera were measured in 
each assay as well. The mean and standard deviation 
for normal nonpregnant female subjects less than 40 
years of age was established for both IgG and IgM class 
antibodies and the mean +3 SD (2.3 multiples of the 
median) was used as the upper limit of normal. 
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Fig. 1. Frequency distribution of values for anticardiolipin antibody levels in patients with repeated 
abortions. The mean +3 SD for normal controls is depicted by a horizontal bar. Diamonds depict 
single abnormal values. The numbers above the diamonds indicate sequential patient numbers. 


Assays for antibodies to other phospholipids will be 
summarized briefly in this report. A series of enzyme- 
linked immunosorbent assays that were performed 
were similar to the assay described for cardiolipin but 
other phospholipids were substituted in a dose of 1 to 
2 wg per well. Binding of the sera to all phospholipids 
was measured simultaneously in a single assay. An 
anticardiolipin antibody—positive serum sample with 
demonstrated phospholipid cross-reactivity was in- 
cluded in each assay, together with at least five normal 
control sera. The results are calculated as a multiple of 
the median optical absorbance of these five normal sera. 
Values >2.3 multiples of the median were considered 
to demonstrate positive antibody binding as established 
by the data to be presented. The binding values re- 
ported are the average value from at least two tests. 
Between-assay variance for binding of anticardiolipin 
antibody—positive sera to phosphatidylserine was un- 
acceptable and results from these studies were not in- 
cluded in this report. 


The antinuclear antibody studies were performed 
with a standard immunofluorescence assay. Antibodies 
to native deoxyribonucleic acid were detected in a Ju- 
orescence assay with the kinetoplast of Crithidia luciHiae 
used as the substrate. Antibodies to the extractable au- 
clear antigens ribonucleoprotein, Smith antigen, Ro an- 
tigen, and La antigen were detected by double diffu- 
sion. Rapid plasma reagin tests were performed with a 
slide latex flocculation test, which includes negat.ve, 
weakly positive, and strongly positive controls. Only <est 
results that were strongly positive were included as pos- 
itive in this study. Russell’s viper venom clotting time 
with appropriate normal and mixed plasma controls 
was used for ascertainment of the lupus anticoagulent. 

Statistical analysis was performed with the use of ¢ 
tests for differences between means and linear regres- 
sion analysis for correlation between binding values for 
phospholipids. Multigroup demographic information 
was first evaluated for significant differences between 
antibody-positive and antibody-negative groups. If a 
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significant difference was noted, subgroups were eval- 
uated for their contribution with the use of Fisher’s 
exact test. 


Results 


Demographic characteristics of the patients studied 
are given in Table I. These heterogeneous groups were 
similar with respect to all parameters of their obstetric 
history and in racial distribution. Positive tests for an- 
tibodies to native deoxyribonucleic acid or to cardio- 
lipin were found only in patients with unexplained 
abortions (group 2) (p < 0.1 for anticardiolipin anti- 
body). A positive test for antibodies to nuclear antigens 
was more frequent in group 2 patients, but this differ- 
ence did not reach statistical significance in these pa- 
tients with two or more losses. Antinuclear antibody 
fluorescence was present in a speckled pattern in 50% 
of sera with a titer of >1:500. Despite this observation, 
no patients in this study had positive test results for 
antibodies to the extractable nuclear antigens tested 
(Smith, ribonucleoprotein, Ro, and La). 

Frequency distributions of serum anticardiolipin an- 
tibody levels measured in these patients are displayed 
in Fig. 1, The mean +3 SD of the values from 36 
normal control individuals is indicated by a horizontal 
bar. With the use of either the described standard 
curves or raw optical absorbance units, the mean and 
upper limit of normal are lower for IgG class antibody 
binding than for IgM, as previously described. Two 
group 2 patients had elevated levels of both immuno- 
globulin classes; two, only the IgG class; and four, only 
IgM. Since some individuals had elevated anticardio- 
lipin antibody binding in both classes, values from in- 
dividual cases are noted sequentially in both figures. 
Together, elevated levels of anticardiolipin antibody 
(IgG and/or IgM) were found in eight of 61 (13.1%) 
group 2 patients and in 0 of 21 group 1 patients 
(Table I). IgM class antibodies were slightly more fre- 
quent in these patients with isolated repeated abortions 
(six of 10 with or without IgG). Only three of eight 
patients (38%) had false positive rapid plasma reagin 
tests and two of eight (25%) demonstrated the lupus 
anticoagulant effect in plasma samples with the use of 
appropriate mixing studies. 

In Fig. 2, results of antinuclear, native deoxyribo- 
nucleic acid, and anticardiolipin antibody tests from 
patients with unexplained repeated abortions are dis- 
played in a pie chart. (Antibodies to extractable nuclear 
antigens are not included as no patient sera were pos- 
itive.) In contrast with patients with systemic autoim- 
mune diseases, patients with isolated unexplained re- 
peated abortions and positive test results for antibodies 
to nuclear antigens appeared to be a subgroup of pa- 
tients largely separate from those with antibodies to 
phospholipids. As expected, all patients with positive 
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Fig. 2. Pie diagram of positive antibody test results in group 
2 (unexplained abortions) (n = 61). Open areas show patients 
with antibody-negative (Ab —) and antinuclear antibody—pos- 
itive (ANA +). The wide striped area depicts patients with pos- 
itive results for native deoxyribonucleic acid (NDNA +), and 
the narrow striped areas, those with anticardiolipin antibody— 
positive (ACA +) results. The shaded area demonstrates overlap 
of all three antibodies (one patient). 


results for native deoxyribonucleic acid antibodies also 
had positive antinuclear antibody test results (4.9%). 
Only three patient sera (4.9%) were both anticardiolip- 
in antibody positive and positive for antinuclear anti- 
body and/or antibodies to native deoxyribonucleic acid, 
and only one serum sample was positive for all three 
autoantibodies. In addition there was no correlation 
between quantitative levels of antinuclear antibodies 
and anticardiolipin antibody in these patients. 

With the use of the results from these tests, patients 
with unexplained repeated abortions could be reclas- 
sified according to antibody status into those with pos- 
itive results for anticardiolipin antibody (positive or 
negative for antinuclear antibody or native deoxyri- 
bonucleic acid), those with positive results only for 
antinuclear antibody (positive or negative for native 
deoxyribonucleic acid), and those who had negative 
results on these tests (Table II). As shown in Table II, 
patients who had positive results for anticardiolipin an- 
tibodies were more likely to have secondary abortion 
(at least one live birth) and to have losses after the first 
trimester when compared with patients with antibody- 
negative or antinuclear antibody—positive results. (Two 
of eight patients, however, had primary first-trimester 
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Table I. Data on patients with unexplained abortions (group 2) 























Anticaraiolipin 
antibody—positive results 


Gravidity 

Mean 4.3 

Range 3-8 
Pregnancy losses 

Mean 3.1 

Range 2-6 
Patients with induced 

abortion(s) 

No. 1/8 

% 12.5 
Patients with live births 

No. 3/8 

% 37.5 
Patients with second- or 

third-trimester losses 

No. 6/8 

% 75 
Patients with primary 

first-trimester 

abortion 

No. 2/77 

% 29 
Race 

Black l 

Hispanic — 

White 7 


*All antibody positive versus antibody negative. 
jAntinuclear antibody positive versus antibody negative. 


tAnticardiolipin antibody positive versus antibody negative. 


Antinuclear 
antibody—posiive results 


(positive or negative (negative Antibody-positive | Antibody-negative ` 
antinuclear antibody) anticardiolipin results results 
antibody) (n = 15) (n = 23) (n = 38) 


5/15 















3.9 3.7 0.5% 
2-1] 2-10 
3.4 3.2 0.5* 
2-1] 2-8 
3/23 1/38 0.14* 
13 2.5 
3/23 14/38 0.09* 
13 37 <0.005F 
11/23* 6/38* 0.02* 
48 16 <0.003ċ¢ 
<0.005§ 
10/20* 31/37* 0.02* 
50 84 0.00] 
2 3 <0.0C74 
ii l <0.02# 
20 34 


§Anticardiolipin antibody positive versus anticardiolipin antibody negative. 


[Patients with induced abortion excluded. 


{Anticardiolipin antibody positive versus antibody negative. 


# Anticardiolipin antibody positive versus all anticardiolipin antibody negative. 


abortion.) Patients with positive antinuclear antibody 
test results were most likely to have primary abortion 
(first or second trimester). Primary or secondary first- 
trimester abortion predominated in patients with an- 
tibody-negative results. 

The binding of these serum antibodies to other phos- 
pholipids was studied with the use of sera from 15 
patients with anticardiolipin antibody and repeated 
abortions (including those from patients with the au- 
toimmune disorders described and three sera from pa- 
tients with lupus anticoagulant and repeated abortions, 
supplied by Drs. C. Lockwood and R. Romero of Yale 
University Medical School). These results are displayed 
for patients with the lupus anticoagulant (Fig. 3) and 
without the lupus anticoagulant (Fig. 4). Since many of 
these sera contained antibodies to phospholipids of 
both the IgG and IgM classes, the highest relative bind- 
ing (IgM or IgG class) is displayed for each sample. 
Thus the absence of a symbol for an antibody class 
indicates only that antibody affinity for the phospho- 
lipid was less than that of the class depicted for that 


sample, not that antibody binding by the immunoglob- 
ulin class was absent. 

All serum antibodies binding cardiolipin also bound 
at least two other phospholipids. In general patents 
with plasma that displayed the lupus anticoagulant 
(Fig. 3) had high levels primarily of IgG class antibod- 
ies. There was a strong correlation for IgG class anti- 
bodies from both groups of patients between binding 
levels for cardiolipin and phosphatidylinositol (r = 
0.89) or phosphatidic acid (r = 0.96) but not for the 
other phospholipids tested. Thus the patients with the 
lupus anticoagulant and in whom the antibody class was 
primarily IgG also differed from those without this 
effect in the extent of antibody binding to these phos- 
pholipids. There was no correlation for IgM class an- 
tibodies between antibody binding to cardiolipin and 
that to phosphatidylinositol or the zwitterionic phos- 
pholipids phosphatidylethanclamine or phosphatidyl- 
choline and only a weak correlation with phosphatidic 
acid (r = 0.61). This lack of correlation between bind- 
ing to cardiolipin and that to other phospholipids sug- 
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Fig. 3. Binding of serum antibodies to phospholipids in patients with the lupus anticoagulant and 
repeated abortions (n = 7). Triangles represent levels of IgM class antibody binding; circles, IgG 
class. For sera with both antibody classes only the highest value is shown. Values are expressed in 
multiples of the normal median for each phospholipid. Phospholipid symbols: cardiolipin, CL; 
phosphatidylinositol, PJ; phospatidic acid, PA; phosphatidylethanolamine, PE; phosphatidylcholine, 
PC. The dashed line represents the upper limit for normal control sera (2.3 multiples of the 


median). 


gests that these IgM class antibodies are polyclonal. 
Both groups of patients studied had repeated abortion; 
thus neither the lupus anticoagulant nor antibody af- 
finity for these negatively charged phospholipids was 
a necessary component of the association between this 
clinical problem and antibodies to phospholipids. 

The possibility that assays for antibodies binding car- 
diolipin might overlook serum antibodies with speci- 
ficity for other phospholipids was examined by per- 
forming these same phospholipid-binding studies on 
anticardiolipin antibody—negative sera from patients 
considered to be at high risk for an antibody to phos- 
pholipid antigens (Fig. 5). These included the 11 pa- 
tients with repeated abortions in group 2 with an an- 
tinuclear antibody titer of at least 1/500 and four pa- 


tients with repeated abortions who had documented 
placental infarction or an autoimmune disorder. Nei- 
ther these anticardiolipin antibody—negative sera nor 
any normal control sera demonstrated significant bind- 
ing to any other phospholipids (relative binding <2.3 
multiples of the median. These results suggest that the 
use of the phospholipid cardiolipin as the epitope for 
phospholipid antibodies in this assay is not likely to have 
resulted in lack of identification of any patients with 
repeated abortions associated with autoantibodies to 
other phospholipids. 


Comment 
The lupus anticoagulant effect was first noted in 
plasma from patients with autoimmune disorders and 
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Fig. 4. Binding of serum antibodies to phospholipids in patients without the lupus anticoagulant 
and repeated abortions (n = 8). Triangles represent levels of IgM class antibody binding; circles, IgG 
class. For sera with both antibody classes only the highest value is shown. Values are expressed in 
multiples of the normal median for each phospholipid. Phospholipid symbols: cardiolipin, CL; 
phosphatidylinositol, PI; phospatidic acid, PA; phosphatidylethanolamine, PE; phosphatidylcholine, 
PC. The dashed line represents the upper limit for normal control sera (2.3 multiples of the 


median). 


later associated with pregnancy loss in patients with 
and without an identified autoimmune disease.” This 
in vitro anticoagulant phenomenon has been clearly 
identified as a circulating antibody(ies) that binds phos- 
pholipids, first using cardiolipin and more recently 
with other negatively charged phospholipids.®’ This 
historic sequence, the inclusion of patients with an au- 
toimmune disease in many reports, and the use of clot- 
ting tests to screen patients for this autoantibody have 
led to the biased impression that such autoantibodies 
in patients with repeated abortions are always or fre- 
quently associated with the lupus anticoagulant effect 
or with positive tests for antinuclear antibody or anti- 
bodies to deoxyribonucleic acid. Most patients with the 
lupus anticoagulant phenomenon probably constitute 


a subgroup of a larger and more general class of pa- 
tients with antibodies binding to phospholipids. 

We have demonstrated that antibodies to the phos- 
pholipid cardiolipin are associated with unexplained 
repeated abortion. In agreement with other reports, 
antiphospholipid antibodies found in sera from pa- 
tients whose only complaint was pregnancy loss were 
often IgM class.” Epitope specificity of IgM class anti- 
bodies in patients with repeated abortions was not re- 
stricted to negatively charged phospholipids. On the 
other hand, the lupus anticoagulant, as expected, was 
associated with (primarily IgG class) anubody binding 
to the negatively charged phospholipids phosphati- 
dylinositol and phosphatidic acid.*’ 

These observations explain the lower frequency of 
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Fig. 5. Binding of serum to phospholipids for “high-risk” patients with anticardiolipin antibody— 
negative results (n = 15). Triangles represent levels of IgM class antibody binding; circles, IgG class. 
Only the highest value for each antibody class is shown. Values are expressed in multiples of the 
normal median for each phospholipid. Phospholipid symbols: cardiolipin, CL; phosphatidylinositol, 
PI; phospatidic acid, PA; phosphatidylserine, PS; phosphatidylethanolamine, PE; phosphatic ylcho- 
line, PC. The dashed line represents the upper limit for normal control sera (2.3 multiples of the 


median). 


the lupus anticoagulant reported here and elsewhere 
in this group of patients.” From the information in this 
study, the use of clotting tests or serologic tests for 
syphilis to screen patients whose complaint is preg- 
nancy loss may be misleading. Each of these may miss 
a considerable proportion of patients with repeated 
abortions and an associated antibody to phospholipids. 
The importance of such a diagnosis is obvious from 
the ample evidence that some patients with antibodies 
to phospholipids, particularly the subset with the lu- 
pus anticoagulant, have a treatable form of repeated 
abortion." 

Studies that have not excluded patients with autoim- 
mune disorders have suggested that nearly all patients 
with antibodies to phospholipids will have a positive 
antinuclear antibody result and/or antibodies to de- 
oxyribonucleic acid.* Exceptions are reported, but gen- 
erally these autoantibodies are not cross reactive with 
deoxyribonucleic acid." Positive test results for nuclear 
antibodies are frequent in patients with isolated unex- 
plained repeated abortions, but patients with these pos- 
itive test results appear to constitute a separate (but 
overlapping) subgroup from those with anticardiolipin 
antibodies. The increased frequency of positive test re- 


sults for antinuclear antibody was not statistically sig- 
nificant in these patients with two or more spontaneous 
abortions but was significant in studies limited to pa- 
tients with three or more pregnancy losses.” The sep- 
aration of these patients on the basis of autoantibody 
test results may be reflective of differences in the phys- 
iologic mechanisms of pregnancy loss. There were sig- 
nificant differences between these subgroups in the on- 
set and timing of prgnancy losses: Patients with nega- 
tive antibody results were most likely to have abortions 
limited to the first trimester; patients with only a pos- 
itive antinuclear antibody test more often suffered pri- 
mary abortion in the first or later trimesters, while pa- 
tients with antibodies to phospholipids were most likely 
to have secondary abortion and to nave losses after the 
first trimester. Patients who have negative antibody re- 
sults might have recurrent pregnancy loss on a “ge- 
netic” basis (including possible parental similarity at 
important histocompatibility loci). Antibodies to phos- 
pholipids are an acquired problem and are thought to 
result in placental thrombosis or fibrosis through mech- 
anisms that are probably heterogeneous but are con- 
sidered a direct cause of abortion.’ It is not surprising 
that this group of patients more often had secondary 
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and late losses. In contrast to the direct association of 
anticardiolipin antibody with fetal death, a positive an- 
tinuclear antibody test. result suggests only an abnormal 
dgree of autoimmunity and thus may serve. as a 
“marker” for the presence of other autoantibodies. It 
seems most likely that thére are autoantibodies yet to 
be described that are directly related to pregnancy loss 
in patients with or without any autoimmune disease. 
From the data in this and our first study, these auto- 
antibodies are not likely to be directéd to the known 
antigens Ro, La, Smith antigen, or ribonucleoprotein.! 
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Severe preeclampsia-eclampsia in young primigravid women: 
Subsequent pregnancy outcome and remote prognosis 


Baha M. Sibai, M.D., Adel El-Nazer, M.D., and Antonio Gonzalez-Ruiz, M.D. 


Memphis, Tennessee 


The purpose of this report is to compare subsequent pregnancy outcome and incidence of chronic 
hypertension and diabetes on follow-up in two groups of patients. Group 1 included 406 young women 
who had severe preeclampsia-eciampsia in their first pregnancies. Group 2 consisted of 409 young, 
well-matched women who remained normctensive during their first pregnancies. All patients were followed 
up for a minimum of 2 years {range 2 to 24). The preeclamptic-eciamptic group had a higher incidence of 
preeciampsia in their second pregnancies (46.8% versus 7.6%, p <.0.0001) and in subsequent 
pregnancies (20.7% versus 7.7%, p < 0.001) when compared with the normotensive group. The overall 
incidence of chronic hypertension was significantly higher in the preeclamptic-eciamptic group (14.8% 
versus 5.6%, p < 0.001). Most of the difference occurred in patients followed up =10 years. Within the 
preeciamptic-eclamptic group, patients having preeclampsia-eclampsia at <30 weeks’ gestation and those 
having recurrent preeclampsia in their second pregnancies had a significantly higher incidence of 
subsequent chronic hypertension (p < 0.001) than was found in the other patients. Within the 
normotensive group, patients remaining normotensive in subsequent pregnancies had the lowest incidence 
of chronic hypertension (1.8%). (Am J Oastet GYNECOL 1986;155:1011-6,) 


Key words: Preeclampsia, eclampsia, subsequent outcome, remote prognosis 


Counseling of the patient who develops severe pre- 
eclampsia-eclampsia in her first pregnancy is a difficult 
task for the obstetrician. The data regarding subse- 
quent pregnancy outcome and remote prognosis are 
confusing and highly controversial. A review of several 
studies™" from various countries and different regions 
in the United States reveals disagreement regarding the 
incidences of subsequent hypertensive pregnancies and 
remote development of chronic hypertension. Some of 
the potential factors leading to these differences in- 
clude different populations, different parameters for 
the diagnosis of preeclampsia, and different durations 
of follow-up. Hence it is almost impossible to compare 
or draw any conclusions from these studies. 

The purposes of this study are (1) to report the sub- 
sequent pregnancy outcome and incidences of chronic 
hypertension and diabetes in young women who had 
severe preeclampsia-eclampsia in their first pregnan- 
cies and (2) to compare the above findings to the re- 
spective outcome in a well-matched group of women 
who remained normotensive in their first pregnancies. 
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Table I. Clinical characteristics 


Preeclamptic-eclamptic* 








Normotensive* 


Mean age (yr) 17.7 + 2.8 17.6 + 2.8 
Black 349 357 
White 57 52 
Abruptio placentae 22 2] 
Gestational age at delivery (wk) 
30 59 49 
31-36 101 96 
237 246 264 


*No significant differences between the two groups for any 
of the categories. 


Material and methods 


The study group consisted of 406 young (11 to 25 
years) women who had severe preeclampsia (n = 287) 
or eclampsia (n = 119) during their first pregnancies. 
The diagnosis and management of these patients were 
previously described.'** All patients were delivered at 
the E. H. Crump Women’s Hospital and Perinatal Cen- 
ter, Memphis, Tennessee. Patients with associated med- 
ical complications before pregnancy were excluded. In- 
clusion criteria included the following: documented 
prenatal care with normal blood pressure before 20 


weeks’ gestation, normal blood pressure recording 


within 8 weeks after the first delivery, at least one sub- 
sequent pregnancy beyond 20 weeks’ gestation, and 
adequate medical follow-up for a minimum of two com- 
pleted years after the first delivery. 
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Table II. Incidence of preeclampsia in second pregnancies 







Mild preeclampsia 10 2.4 
Severe preeclampsia 19 4.6 
Eclampsia 2 0.6 
Total 31 7.6 


Preeclamptic-eclamptic 
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(n = 406) 
Odds ratie 


19.5 <0.0001 9.6 
20.9 <0.0001 7.2 

1.4 NS 3.1 
46.8 


Table III. Incidence of preeclampsia in subsequent pregnancies* 






Normotensive 
(n = 557) 


Mild preeclampsia 12 22 
Severe preeclampsia 28 5.0 
Eclampsia 3 0.5 
Total 43 7.7 


*Excluding second pregnancies. 


The control group consisted of 409 young (12 to 25 
years) women who remained normotensive throughout 
their first pregnancies and who had similar inclusion 
criteria. These patients were matched to the above 
group by age, race, gestational age at delivery, and ob- 
stetric complications (excluding hypertension) and 
were delivered within 1] month of the study group. 

Pregnancy outcome in subsequent pregnancies was 
reviewed with regard to perinatal outcome and inci- 
dences of preeclampsia and abruptio placentae. Only 
pregnancies before the development of chronic hyper- 
tension on follow-up were included in this analysis. The 
diagnosis of chronic hypertension was based on the 
presence of documented hypertension for which the 
patient received antihypertensive therapy. 

All patients’ records were carefully and extensively 
reviewed by the senior author (B. M. S.). In the majority 
of cases the patients were seen and followed up by the 
senior author. In other cases hospital records and the 
records of other medical providers were accepted if 
they were determined to be adequate and reliable. 

For comparison purposes the incidence of chronic 
hypertension in the general female population, as de- 
termined by the prevalence of hypertension in the 
United States between 1971 and 1974 for the age group 
25 to 34 years, was used."® 

Data analyis was done with the use of Student’s t test, 
the Mantel-Haenszel test, x? and odds ratios, and life- 
table analysis methodology. 


Results 


The clinical characteristics of the two groups of pa- 
tients are summarized in Table I. There were no sig- 


Preeclamptic-eclamptic 


Cidds ratic 


6.8 <0.001 3.3 
12:2 <0.0001 2.6 

1.7 NS 3.2 
20.7 


nificant differences between them regarding mean ma- 
ternal age, race, gestational age at delivery, and the 
frequency of abruptio placentae. 

Eack patient had at least one subsequen: pregnancy 
(range 1 to 11). The preeclamptic-eclamptic group had 
a total of 815 subsequent pregnancies, while the nor- 
motensive group had a total of 966 pregnancies. In 
Table II a comparison is presented of the mcidence of 
preeclampsia in second pregnancies between the two 
groups of patients. The preeclamptic-eclamptic group 
had significantly higher incidences of both mild and 
severe preeclampsia in second pregnancies. Within this 
group patients who had preeclampsia-eclampsia at <30 
weeks’ gestation had a significantly higher incidence of 
preeclampsia in their second pregnancies (> < 0.0001, 
odds ratio 5.0) compared with those who had onset of 
preeclampsia beyond 30 weeks’ gestation. The inci- 
dence of preeclampsia in the second pregnancy in these 
patients was 76%, while it was 38% in those who had 
preeclampsia-eclampsia at 237 weeks’ gestation. 

Table HI compares the incidence of preeclamps:a in 
subsequent pregnancies (excluding second pregnan- 
cies) between the two groups. Again the preeclamptic- 
eclampzic group had significantly higher incidences of 
both mild and severe preeclampsia in subsequent preg- 
nancies. Within the preeclamptic-eclamptic group, the 
incidence of preeclampsia in subsequent pregnarcies 
was significantly higher (p < 0.0001) in those who had 
preeclamptic second pregnancies (68%) than in those 
who had normotensive second pregnancies (12%). 

Table IV compares the subsequent pregnancy 3ut- 
come between the two groups of patients. I: is obv-ous 
that the preeclamptic-eclamptic group have sigzifi- 
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Fig. 1. Cumulative risk function for the future development of chronic hypertension by years of 


follow-up. 


Table IV. Pregnancy outcome in all subsequent pregnancies 






(n = 815) 


Preeclampsia 275 
Abruptio placentae 2] 
Perinatal mortality 48 
Small for gestational age 58 
Preterm (<37 wk) 122 


cantly more obstetric complications in their subsequent 
pregnancies than the normotensive group. In addition 
the higher perinatal mortality in the preeclamptic- 
eclamptic group was mainly related to the higher in- 
cidences of both premature delivery and abruptio pla- 
centae. 

Remote prognosis. All patients were followed up for 
a minimum of 2 years (range 2 to 24). The average 
years of follow-up for the preeclamptic-eclamptic 
group was 6.6 + 4.1 years, while the average for the 
normotensive women was 8.0 + 4.8 years (p < 0.001). 
This difference is mainly related to the larger number 
of patients in the normotensive group who were fol- 
lowed up #10 years. Ninety patients in the preeclamp- 
tic-eclamptic group and 138 in the normotensive group 
were followed up =10 years. The average years of fol- 
low-up within this subgroup were 13.8 + 3.8 and 
13.5 + 3.1 years, respectively. In addition the mean 
maternal age on follow-up was 30.9 + 4.2 years in the 
preeclamptic-eclamptic group versus 31.3 + 4.2 years 
in the normotensive group (not significant). 

There was no significant difference regarding the 
incidence of diabetes between the two groups (1.7% in 
the preeclamptic-eclamptic group versus 1.5% in the 
normotensive group). However, the respective inci- 


Preeclamplic-eclamptic 


fmm 


j 
(n = e 





74 a <0.0001 
7 0.8 0.006 
29 3.0 0.003 
32 3.3 0.0003 
91l 8.4 <0.0001 


dence of diabetes was 5.6% versus 5.6% among patients 
followed up #10 years. 

The overall incidence of chronic hypertension was 
significantly higher in the preeclamptic-eclamptic 
group (14.8% versus 5.6%, p < 0.0001). In the group 
followed up <10 years, the incidence was 4.4% versus 
1.5%, p = 0.03. However, in the subgroup who were 
followed up #10 years, the incidence of subsequent 
chronic hypertension was 51% versus 14%, p < 0.0001. 
The difference is very impressive considering that these 
two groups had similar maternal age and similar du- 
ration of follow-up. Fig. 1 depicts the cumulative risk 
function for development of chronic hypertension with 
the use of life-table methodology. It is apparent that 
the risk for development of chronic hypertension in 
the preeclamptic-eclamptic group becomes impressive 
after 10 years of follow-up. 

Fig. 2 describes the incidence of chronic hyperten- 
sion in the preeclamptic-eclamptic group. Within this 
group patients who had preeclampsia in their second 
pregnancies had a higher incidence of chronic hyper- 
tension than those who were normotensive in their sec- 
ond pregnancies (p < 0.0001, odds ratio = 7.4). In ad- 
dition patients who had onset of preeclampsia-eclamp- 
sia <30 weeks’ gestation had a higher incidence of 
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Fig. 2. Incidence of chronic hypertension in the preeclamptic-eclamptic patients according to out- 
come in second pregnancy and gestational age at onset. 
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Fig. 3. Incidence of chronic hypertension in the normotensive 
patients according to outcome in second pregnancy (top part) 
and outcome in any subsequent pregnancy (lower part). 
PIH = Preeclampsia. - 


future chronic hypertension (p = 0.01, odds ratio = 
2.3) compared with those who had onset >31 weeks’ 
gestation. 

Fig. 3 describes the incidence of chronic hyperten- 
sion in the normotensive group. Within this group pa- 
tients who had preeclampsia in their second pregnan- 
cies had a higher incidence of future chronic hyper- 
tension than those who had normotensive second 
pregnancies (16.1% versus 4.7%, p< 0.01, odds ra- 


tio = 3.8). In addition patients who had preeclampsia 
in any subsequent pregnancy had a higher incidence 
of future chronic hypertension than those who had only 
normotensive subsequent pregnancies (24.3% versus 
1.8%, p < 0.0001, odds ratio = 17.8). 

Fig. 4 compares the incidences of chronic hyperten- 
sion between the two groups of patients to the respec- 
tive incidence in the general female population (age 
group 25 to 34 years). The incidence of chronic hy- 
pertension in black patients was more than double that 
in white patients among the three groups. In addition 
the incidence of chronic hypertension was significantly 
higher in the preeclamptic-eclamptic group compared 
with the general population, while it was significantly 
lower in the normotensive group. It is obvious that 
patients having normotensive first pregnancies have a 
lower incidence of future chronic hypertension com- 
pared to the expected incidence in the general female 
population of similar age group and race. 


Comment 


There are numerous clinical studies describing preg- 
nancy outcome and remote prognosis after preeclamp- 
sia-eclampsia. Most of these reports are more than 30 
years old. The findings of these studies have beer. re- 
cently summarized by Chesley.’ The incidence of re- 
current eclampsia ranged from 0% to 21% (average 
10.3%) while the incidence of nonconvulsive hyperten- 
sive disorders in subsequent pregnancies ranged from 
12% to 51% (average 33.1%). The incidence of future 
chronic hypertension ranged from 0% to 78% (average 
23.8%). In short, the populations studied, the defini- 
tions used, the diagnosis of hypertensive disorders, and 
the duration of follow-up were highly variable and 
inconsistent. In addition, most authors did not ex- 
clude pregnancies that occurred after the diagnosis of 
chronic hypertension and some of them did not even 


be 
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Fig. 4. Comparison of incidence of chronic hypertension in the two groups of patients to that in 


the general population according to race. 


exclude patients with prior chronic hypertension or 
renal disease. 

The results of this ae show that patients devel- 
oping severe preeclampsia-eclampsia in their first preg- 
nancies are at increased risk for obstetric complications 
in their subsequent pregnancies. The risks were similar 
whether the patient had eclampsia or severe pre- 
eclampsia, and hence the two groups were analyzed 
together. The risk of having eclampsia in the second 
pregnancy was 1.4%, while the risk of having pre- 
eclampsia was 45.4%. In addition, these patients had 
an increased incidence of both ‘eclampsia (1.7%) and 
preeclampsia (19%) in their remote pregnancies (be- 
yond the second pregnancy). Moreover, the risk of hav- 
ing preeclampsia in subsequent pregnancies is related 
to time of onset of preeclampsia-eclampsia during the 
first pregnancy and to the presence of preeclampsia in 
the second pregnancy. These findings are in agreement 
with the findings reported by Chesley.’ The overall in- 
cidence of preeclampsia in subsequent pregnancies was 
33.7%. This incidence is similar to that reported by 
Bryans and Torpin* (36%) but higher than that re- 
ported by Chesley! (19.5%). 

The preeclamptic-eclamptic group hada significantly 
higher incidence of abruptio placentae (2.5%) than the 
normotensive group (0.8%) in their subsequent preg- 
nancies. This high incidence of abruptio placentae is 
similar to that reported by Chesley! for patients hav- 
ing eclampsia when primiparous (2.1%). In addition, 
the preeclamptic-eclamptic group had a significantly 
higher incidences of perinatal mortality, fetal growth 
retardation, and premature delivery in their subse- 
quent pregnancies than the normotensive group. The 
perinatal mortality in subsequent pregnancies of 5.9% 
is similar to the respective perinatal mortality of 4.6% 
reported by Chesley.’ However, the premature delivery 


rate of (15%) is higher than the 5.3% rate reported by 
Chesley.’ 

The. long-term effects of preeclampsia-eclampsia on 
maternal blood pressure have been summarized by 
Chesley et al.''? The average incidence of chronic hy- 
pertension among 2637 eclamptic patients followed up 
from 6 weeks to 44 years was 23.8%. Chesley et al.” 
reexainined 197 mostly white women who had eclamp- 
sia when primiparous at an average of 33 years (range 


. 1 to 48 years). The incidence of diastolic pressure =100 


mm Hg was 21.8% among patients having one subse- 
quent viable pregnancy. However, the incidence was 
10% among patients who remained normotensive in all 
pregnancies and 45% among patients having hyper- 
tension in at least one subsequent pregnancy. This ob- 
served incidence of hypertension was not higher than 
expected in a population of similar race and age. In 
addition, the incidence of diabetes at an average follow- 
up of 25 years was 8.3%. This observed incidence was 
2.5 times that expected. 

Bryans’ reexamined 335 women atan average of 14. l 


` years after eclampsia (range 1 to 44 years). Half of the 


patients were black and half were white. The overall 
incidence of chronic hypertension was 32.8%. The in- 
cidence in black patients was almost double that in white 
patients and the incidence increased significantly with 
advanced maternal age. 

Fisher et al.” studied 53 black patients with pre- 
eclampsia documented by renal biopsy at an average 
of 68 months (range 8 to 252 months). The incidence 
of chronic hypertension was 9.5%. This incidence was 
similar to age-, sex-, and race-adjusted statistics in the 
National Institutes of Health Survey. However, the in- 
cidence was significantly higher than that in a well- 
matched group of patients who remained normotensive 
during pregnancy (<1%). 
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The results of this study show that patients having 
preeclampsia-eclampsia in their first pregnancies have 
a significantly higher incidence of subsequent hyper- 
tension than those having normotensive pregnancies. 
This incidence is significantly higher in those having 
preeclampsia-eclampsia remote from term and in those 
having subsequent hypertensive pregnancies. In ad- 
dition, the incidence is related to maternal age as well 
as to duration of follow-up. This finding is similar to 
that reported by Chesley et al.” and Bryans.’ It is im- 
portant to note that this increase is not evident except 
at an average follow-up of #10 years. Hence all future 
follow-up studies should take this into consideration. 
In addition, patients having normotensive pregnancies 
have a lower incidence of subsequent hypertension 
compared with that in the general population. On the 
other hand, patients having preeclampsia-eclampsia 
have a significantly higher incidence of future hyper- 
tension than the general population. It seems that the 
development of preeclampsia-eclampsia during preg- 
nancy reflects a screening test for the future develop- 
ment of chronic hypertension in a manner similar to 
that seen with gestational diabetes for the future de- 
velopment of diabetes. Patients with recurrent pre- 
eclampsia and thosé developing the disease early in 
pregnancy are at highest risk. This information is im- 
portant regarding the counseling of such patients. 

The incidence of future diabetes was similar between 
the two groups of patients. In the preeclamptic-eclamp- 
tic group followed up #10 years, the incidence of di- 
abetes was 5.6%. This incidence is similar to the 8.3% 
reported by Chesley et al.” at an average follow-up of 
25 years. 

In summary, patients developing severe preeclamp- 
sia-eclampsia in their first pregnancies should be con- 
sidered at increased risk for developing obstetric com- 
plications in subsequent pregnancies. In addition, these 
patients are at increased risk for developing chronic 
hypertension later in life. 
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Percent of patients showing BP change of 
15 mm Hg or greater after 7.4 months to 
7.9 months therapy with either conjugated 
estrogens or OGEN® (estropipate) 
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Adapted Per Wren et al, 1981! 


IGEN dosages ranged from 0.625 to 2.5 daily, 24 out of 30 days. Conjugated 
strogen dosages ranged from 0.3 to 2.5, 24 out of 30 days. The majority of those 
*xperiencing a change, like the majority of the total sample, were also taking 

t progestogen, levonorgestrel 0.03 mg, from the 15th to the 24th day. 





er estrogen therapy shouldnt 
affect her blood pressure 


Because the risk of hypertension 
increases with age, it is appropriate to 
examine the effects of estrogen replacement 
on blood pressure. 

“More women receiving... [conjugated 
estrogens] had a clinically significant rise in 
blood pressure than those receiving Ogen..?1 


Only estrone. Identical to the bodysown, ~ 
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cored tablets make 
precise dosing easy 


OGEN.625 


(estropipate 0.75 mg, calculated as 
sodium estrone sulfate 0.625 mg) 


OGEN 1.25 


(estropipate 1.5 mg, calculated as 
sodium estrone sulfate 1.25 mg) 


OGEN 2.5 


(estropipate 3 mg, calculated as 
sodium estrone sulfate 2.5 mg) 


OGEN 5 


(estropipate 6 mg, calculated as 
sodium estrone sulfate 5 mg ) 





-~ OGEN tablets are scored so you can adjust 
dosage without writing a new prescription. 
It’s another reason more physicians are 


prescribing OGEN. 


See adjacent page for brief summary of prescribing information. 


Reference: 


1. Wren BG, Routledge DA: Blood pressure changes: Oestrogens in climacteric 


women. Med J Aust 2:528-531, 1981. 
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OGEN’ 
ESTROPIPATE TABLETS, USP 
Tablets 


WARNING: 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. 

Three independent case control studies have shown an increased 
risk of endometrial cancer in postmenopausal women exposed to ex 
ogoni estrogens for prolonged periods. This risk was independent 
of the other known risk factors for endometrial cancer. These studies 
are further supported by the finding that incidence rates of endome- 
trial cancer have increased sharply since 1969 in eight different 
areas of the United States with population-based cancer reporting 
systems, an increase which may be related to the rapidly expanding 
use of estrogens during the last decade. 

The three case control studies reported that the risk of endometri- 
al cancer in estrogen users was about 4.5 to 13.9 times greater than 
in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. In view of these findings, when estrogens are 
used for the treatment of menopausal symptoms, the lowest dose 
that will control symptoms should be utilized and medication should 
be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a 
semiannual basis to determine the need for continued therapy. Al- 
though the evidence must be considered preliminary, one study sug- 
gests that cyclic administration of low doses of estrogen may carry 
less risk than continuous administration; it therefore appears prudent 
to utilize such a regimen. 

Close clinical surveillance of all women taking estrogens is impor- 
tant. In all cases of undiagnosed persistent or recurring abnormal 
vaginal bleeding, adequate diagnostic measures should be underta- 
ken to rule out malignancy. 

There is no evidence at present that “natural” estrogens are more 
or less hazardous than “synthetic” estrogens at equiestrogenic doses. 


2. OGEN SHOULD NOT BE USED DURING PREGNANCY. 

According to some investigators, the use of female sex hormones, 
both estrogens and progestogens, during early pregnancy may se- 
riously damage the offspring. Studies have reported that females ex- 
posed in utero to diethylstilbestrol, a non-steroidal! estrogen, have an 
increased risk of developing in later life a form of vaginal or cervical 
cancer that is ordinarily extremely rare. in one of these studies, this 
risk was estimated as not greater than 4 per 1000 exposures. Further- 
more, there are reports that a high percentage of such exposed 
women (from 30 to 90 percent) have been found to have vaginal ad- 
enosis, epithelial changes of the vagina and cervix. Although these 
reported changes are histologically benign, the investigators have 
not determined whether they are precursors of adenocarcinoma. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies in the off- 
spring, including heart defects and limb reduction defects. One case 
control study estimated a 4.7 fold increased risk of limb reduction 
defects in infants exposed in utero to sex hormones (oral contracep- 
tives, hormone withdrawal tests for pregnancy, or attempted treat- 
ment for threatened abortion). Some of these exposures were very 
short and involved only a few days of treatment. The data suggest 
that the risk of limb reduction defects in exposed fetuses is some- 
what less than 1 per 1000. 

In the past, female sex hormones have been used rig at! out 
cy in an attempt to treat threatened or habitual abortion. UGEN has 
not been studied for these uses, and therefore should not be used 
during pregnancy. There is no evidence from well controlled studies 
that Propestogens are effective for these uses. 

if OGEN (estropipate tablets) is used during pregnancy, or if the 


patient becomes pregnant while taking this drug, she should be ap- 
prised of the potential risks to the fetus, and the question of continu- 
ation of the pregnancy should be addressed. 





INDICATIONS AND USAGE ` 

The cyclic administration (See “DOSAGE AND ADMINISTRATION” section) 
of OGEN (estropipate tablets) is indicated for the treatment of estrogen 
deficiency associated with: 

1. Moderate to severe vasomotor symptoms of menopause. (There is 
no evidence that estrogens are effective for nervous symptoms or depres- 
sion which might occur during menopause, and they should not be used to 
treat these conditions.) 

2. Atrophic vaginitis. 

3. Kraurosis vulvae. 

4. Female hypogonadism. 

5. Female castration. 

6. Primary ovarian failure. 

OGEN (ESTROPIPATE TABLETS) HAS NOT BEEN TESTED FOR 
EFFICACY FOR ANY PURPOSE DURING PREGNANCY. SINCE ITS 
EFFECT UPON THE FETUS IS UNKNOWN, IT CANNOT BE RECOM- 
at Da ANY CONDITION DURING PREGNANCY (SEE BOXED 


ONTRAINDICATIONS 

EN should not be used in women with any of the following conditions: 

1. Known or suspected cancer of the breast. 

2. heen or suspected estrogen-dependent neoplasia. 

3. UGEN may cause fetal harm when administered to a pregnant 
woman. OGEN is contraindicated in women who are or may become preg- 
nant (See Boxed Warning). 

4. Undiagnosed abnormal genital bleeding. 

5. Active thrombophlebitis or thromboembolic disorders. 

6. A past history of thrombophlebitis, thrombosis, or thromboembolic 
disorders associated with previous estrogen use. 


WARNINGS 
1. Induction of malignant neoplasms. Long-term continuous administra- 
tion of natural and synthetic estrogens in certain animal species has been 
reported by some investigators to increase the frequency of carcinomas of 
the breast, cervix, vagina, and liver. There is now evidence that estrogens 
increase the risk of carcinoma of the endometrium in humans. (See Boxed 
igh 
At the present time there is no conclusive evidence that estrogens 
iven to postmenopausal women increase the risk of cancer of the breast. 
here are, however, a few retrospective studies which suggest a small but 
Statistically significant increase in the risk factor for breast cancer among 
these women. Therefore, caution should be exercised when administering 
estrogens to women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease, or abnormal mammograms. Care- 
ful breast examinations should be performed periodically. 

2. Gall bladder disease. A recent study has reported a 2 to 3-fold in- 
crease in the risk of surgically confirmed gall bladder disease in women re- 
ceiving postmenopausal estrogens, similar to the 2-fold increase previous- 
Iy noted in users of oral contraceptives. In the case of oral contraceptives, 

e increased risk appeared after two years of use. 

3. Effects similar to those caused by estrogen-progestogen oral con- 
traceptives. There are several serious adverse effects of oral contracep- 
tives, most of which have not, up to now, been documented as conse- 
quences of postmenopausal estrogen therapy. This may reflect the com- 
paratively low doses of estrogen used in postmenopausal women. It would 


be expected that the larger doses of estrogen used to treat postpartum 
breast engorgement would be more likely to result in these adverse ef- 
fects, and, in fact, it has been shown that there is an increased risk of 
thrombosis in women receiving estrogens for postpartum breast engorge- 
ment. 

a. Thromboembolic disease. \t is now well established that users of 
oral contraceptives have an increased risk of various thromboembolic and 
thrombotic vascular diseases, such as thrombophlebitis, pulmonary embo- 
lism, stroke, and myocardial infarction. Cases of retinal thrombosis, 
mesenteric thrombosis, and optic neuritis have been reported in oral con- 
traceptive users. There is evidence that the risk of several of these ad- 
verse reactions is related to the dose of the drug. An increased risk of post- 
sargen thromboembolic complications has also been reported in users of 
oral contraceptives. If feasible, estrogen should be discontinued at least 4 
weeks before surgery of the type associated with an increased risk of 
thromboembolism; it should also be discontinued during neriods of pro- 
longed immobilization. 

While an increased rate of thromboembolic and thrombotic disease in 
postmenopausal users of estrogens has not been found this does not rule 
out the possibility that such an increase may be present or that subgroups 
of women who have underlying risk factors or who are receiving relatively 
large doses of estrogens may have increased risk. Therefore estrogens 
should not be used in persons with active thrombophlebitis or thromboem- 
bolic disorders, and they should not be used in rhage with a history of 
such disorders in association with estrogen use. They should be used with 
caution in patients with cerebral vascular or coronary artery disease and 
only for those in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day), compara- 
ble to those used to treat cancer of the prostate and breast, have been 
shown in a large prospective clinical trial in men to increase the risk of 
nonfatal myocardial infarction, pulmonary embolism and thrombophlebitis. 
When estrogen doses of this size are used, any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceptive use should 
be considered a clear risk. 

b. Hepatic adenoma. Benign hepatic adenomas appear to be associat- 
ed with the use of oral contraceptives. Although benign, and rare, these 
may rupture and cause death through intraabdominal hemorrhage. Such le- 
sions have not yet been reported in association with other estrogen or pro- 
gestogen preparations but should be considered in estrogen users having 
abdominal pain and tenderness, abdominal mass, or hypovolemic shock. 
Hepatocellular carcinoma has also been reported in women taking 
estrogen-containing oral contraceptives. The relationship of this malignan- 
cy to these drugs is not known at this time. 

c. Elevated blood pressure. \ncreased blood pressure is not uncommon 
in women using oral contraceptives. There is now a report that this may 
occur with use of estrogens in the menopause and blood pressure should 
be monitored with estrogen use, citi if high doses are used, 

d. Glucose tolerance. A worsening of glucose tolerance has been ob- 
served in a significant percentage of patients on estrogen-containing oral 
contraceptives. For this reason, diabetic patients should be carefully ob- 
served while receiving estrogen. 

4. Hypercalcemia. Administration of estrogens may lead to severe hy- 
percalcemia in patients with breast cancer and bone metastases. If this 
occurs, the drug should be stopped and appropriate measures taken to 
reduce the serum calcium level. 


PRECAUTIONS 
A. General Precautions. 

1. A complete medical and family history should be taken prior to the 
initiation of my estrogen therapy. The pretreatment and periodic physical 
examinations should include special reference to blood pressure, breasts, 
abdomen, and pelvic organs, and should include a Papanicolau smear. As 
a general rule, estrogen should not be prescribed for longer than one year 
without another physical examination being performed. 

2. Fluid retention — Estrogens may cause some degree of fluid reten- 
tion. Therefore, patients with conditions such as epilepsy, migraine, and 
cardiac or renal dysfunction, which might be influenced by this factor, re- 
quire careful observation. 

3. Certain patients may develop undesirable manifestations of exces- 
sive estrogenic stimulation, such as abnormal or excessive uterine bleed- 
ing, mastodynia, etc. 

4. Oral contraceptives appear to be associated with an increased inci- 
dence of mental depression. Although it is not clear whether this is due to 
the estrogenic or progestogenic component of the contraceptive, patients 
with a history of depression should be carefully observed. 

5. Preexisting uterine leiomyomata may increase in size during estro- 
gen use. 

6. The pathologist should be advised of the patient's use of estrogen 
ae when relevant specimens are submitted. 

7. Patients with a past history of jaundice during pregnancy have an in- 
creased risk of recurrence of jaundice while receiving estrogen-containing 
oral contraceptive therapy. If jaundice develops in any patient receiving 
oe ja the medication should be discontinued while the cause is inves- 
tigated. 

8. Estrogens may be poorly metabolized in patients with impaired liver 
function and they should be administered with caution in such patients. 

9. Because ary be influence the metabolism of calcium and phos- 
phorus, they should be used with caution in patients with metabolic bone 
diseases that are associated with hypercalcemia or in patients with renal 
insufficiency. 

B. Information for the Patient. See text of Patient Package Insert which 
appears after PHYSICIAN REFERENCES. 

C. Drug Interactions. The concomitant use of any drugs which can induce 
hepatic microsomal enzymes with estrogens may produce estrogen levels 
needs lower than would be expected from the dose of estrogen admin- 
istered. 

The use of broad spectrum antibiotics which profoundly effect intesti- 
nal flora may influence the absorption of steroidal compounds including 
the estrogens. 

Diabetics receiving /nsu/in may have increased insulin requirements 
when receiving estrogens. 

Laboratory Test Interference. Certain endocrine and liver function tests 
may be affected by estrogen-containing oral contraceptives. The following 
similar changes may be expected with larger doses of estrogen: 

a. Increased sulfobromophthalein retention. 

b. Increased prothrombin and factors VII, VIII, IX, and X; decreased an- 
tithrombin 3; increased norepinephrine-induced platelet aggregability. 

c. Increased thyroid binding globulin (TBG) st to increased cir- 
culating total thyroid hormone, as measured by PBI, T4 by column, or T4 
bY radioimmunoassay. Free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered. 

d. Abnormal glucose tolerance test results. 

e. Decreased pregnanedio! excretion. 

f. Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phospholipid concentration. 

D. Carcinogenesis. Studies have shown an increased risk of endometrial 
cancer in postmenopausal women exposed to exogenous estrogens for 
prolonged periods (see Boxed Warning). At the present time there is no 
conclusive evidence that estrogens given to postmenopausal women in- 
crease the risk of cancer of the breast. There are, however, a few retro- 
spective studies which suggest a small but statistically significant increase 
in the risk factor for breast cancer among these women. (See “WARN- 
INGS” section.) 

E. Pregnancy. Pregnancy Category X. See “CONTRAINDICATIONS” section 
and Boxed Warning. 

F. Nursing Mothers. Estrogens have been reported to be excreted in 
human breast milk. Caution should be exercised when OGEN is adminis- 
tered to a nursing woman. 

G. Pediatric Use. Because of the effects of estrogens on epiphyseal clo- 
sure, they should be used judiciously in young patients in whom bone 
growth is not complete. 


ADVERSE REACTIONS r À - 
(See Warnings ape > reports of possible induction of neoplasia, un- 
known effects upon the fetus, increased incidence of gall bladder disease, 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions in decreas- 
ing order of severity within each category have been reported with es- 
trogenic therapy, including oral contraceptives: 

1. Genitourinary system 

Increase in size of uterine fibromyomata. 

Vaginal candidiasis. 

Cystitis-like syndrome. 

Dysmenorrhea. 

Amenorrhea during and after treatment. 

Change in cervical eversion and in degree of cervical secretion. 

Breakthrough bleeding, spotting, change in menstrual flow. 

Premenstrual-like syndrome. 

2. Breast. 

Tenderness, enlargement, secretion. 

3. Gastrointestinal 

Cholestatic jaundice. 

Vomiting, nausea. 

Abdominal cramps, bloating. 

4. Skin. 

Hemorrhagic eruption. 

Erythema nodosum. 

Erythema multiforme. 

Hirsutism. 

Chioasma or melasma which may persist when drug is discontinued. 

Loss of scalp hair. 

5. Eyes. 

Steepening of corneal curvature. 

Intolerance to contact lenses. 

6. CNS. 


Chorea. 

Mental depression. 

Migraine, dizziness, headache. 
7. Miscellaneous. 

Aggravation of porphyria. 
Edema. 

Reduced carbohydrate tolerance. 
Increase or decrease in weight. 
Changes in libido. 


OVERDOSAGE 

Numerous reports of ingestion of large doses of estrogen-containing oral 
contraceptives by young children indicate that serious ill effects do not 
occur. Overdosage of estrogen may cause nausea and withdrawal bleeding 
may occur in females. 


DOSAGE AND ADMINISTRATION 
1. Given cyclically for short-term use: 

For treatment of moderate to severe vasomotor symptoms, atrophic 
vaginitis, or kraurosis vulvae essociated with the menopause. 

The lowest dose that will control symptoms should be chosen and medi- 
cation should be discontinued as promptly as possible. 

Administration should be cyclic (e.g., 3 weeks on and 1 week off). 

Attempts to discontinue or taper medication should be made at 3 to 6 
month intervals. 

Usual dosage ranges: 

Vasomotor oms —One OGEN .625 Tablet to one OGEN 5 
Tablet per day. The lowest dose that will contro! symptoms should be 
chosen. If the patient has not menstruated within the last two months or 
more, cyclic administration is started arbitrarily. If the patient is menstruat- 
ing, cyclic administration is started on day 5 of bleeding. 

Ane hic vaginitis and kraurosis vulvae — One UGEN 625 Tablet to 
one GEN 5 Tablet daily, deganding upon the tissue response of the indi- 
vidual patient. The lowest dose that will control symptoms should be 
chosen. Administer cyclically. 

2. Given cyclically: 

Female hypogonadism; female castration; primary ovarian failure. 
Usual dosage ranges: 

fone barr — A daily dose of one OGEN 1.25 Tablet to 
three OGEN 2.5 Tablets may be given for the first three weeks of a theo- 
retical cycle, followed by a rest period of eight to ten days. The lowest 
dose that will control symptoms should be chosen. If bleeding does not 
occur by the end of this period. the same dosage schedule is repeated. The 
number of courses of estrogen therapy necessary to produce bleeding may 
vary depending on the responsiveness of the endometrium. If satisfactory 
withdrawal bleeding does not occur, an oral progestogen may be given in 
addition to estrogen during the third week of the cycle. 

Female castration and primary ovarian failure —A daily dose of one 
OGEN 1.25 Tablet to three OGEN 2.5 Tablets may be given for the first 
three weeks of a theoretical cycle, followed by a rest period of eight to 
ten days. Adjust dosage upward or downward according to severity of 
symptoms and response of the patient. For maintenance, adjust dosage to 
lowest level that will provide effective control. 

Treated patients with an intact uterus should be monitored closely for 
signs of endometrial cancer amd appropriate diagnostic measures should 
be taken to rule out malignancy in the event of persistent or recurring ab- 
normal vaginal bleeding. 


HOW SUPPLIED 

OGEN (estropipate tablets, USP) is supplied as OGEN .625 (0.75 mg estro- 

pipate), yellow tablets, NDC 0074-3943-04; OGEN 1.25 (1.5 mg estropi- 

pate), peach-colored tablets, NOC 0074-3946-04; OGEN 2.5 (3 mg estro- 

pipate), blue tablets, NDC 0074-3951-04; and OGEN 5 (6 mg estropi- 
ate), light green tablets, NDC 0074-3958-13. Tablets of all four dosage 
evels are standardized to provide uniform estrone activity and are 
rooved (Divide-Tab®) to provide dosage flexibility. All tablet sizes of 
GEN are available in bottles of 100. 
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Why risk significant 


Bacteroides fragilis 


Cefotan has gaps* in its coverage 
of these B. fragilis group** organisms. 


MEFOXIN does not. 





Clinical indications for intraabdominal infections* 


Cefotan" Mefoxin' 


(cefotetan disodium] (Cefoxitin Sodium|MSD) 


Bacteroides species 
including B. fragilis* 
B. distasonis 
B. ovatus 


B. thetaiotaomicron 


B. vulgatus* 





+MEFOXIN is indicated for the treatment of intraabdominal **These organisms, formerly considered subspecies of 
infections, including peritonitis and intraabdominal B. fragilis, have been given species status; however, 
abscess, caused by Escherichia coli, Klebsiella species, because of similarities in their clinical significance and 
Bacteroides species including the Bacteroides fragilis laboratory characteristics, they are often considered 
group (B. fragilis, B. distasonis, B. ovatus, together as the “B. fragilis group.” y 
B. thetaiotaomicron, B. vulgatus), and Clostridium species. The prescribing information for Cefotan lists no specific 
tFCefotan is a registered trademark of ICI Americas Inc. indication for infections caused by this organism. ' > 


Copyright © 1986 by Merck & Co., INC. 





Conclusion: Cefotan is not 
equal to MEFOXIN in activity** 
against the B. fragilis group. 


All five of these Bacteroides 
are proven pathogens. 


“he evidence is conclusive. 


fact: At one institution, B. distasonis, B. ovatus, 

3. thetaiotaomicron, and B. vulgatus accounted for 
50% of the B. fragilis group isolates from 

185 intraabdominal infections.’ 


fact: B. fragilis and B. thetaiotaomicron are 
species of great clinical significance and are present 
n most intraabdominal infections. & | ) o,° S di MSD 
fact: Rosenblatt also isolated all five of these È xitin O Ul 

Bacteroides from clinical specimens at a major 

reaching institution.’ 





fact: Chow and Guze reported bacteremia and 
sepsis due to each of these five members of the 
B. fragilis group.‘ 


fact: The prescribing information for Cefotan 


specifically states that most strains of B. d istasonis, MEFOXIN is contraindicated in patients who have shown 
3. ovatus, and B. thetaiotaomicron are resistant. ' hypersensitivity to cefoxitin and the cephalosporin group of 


fact: The absence of susceptibility of these antibiotics. Before therapy with MEFOXIN is instituted, 


Baetensides faaili Cef ad careful inquiry should be made to determine whether the 
acteroldes fragilis species to Cetotan clearly patient has had previous hypersensitivity reactions to 


shows that Cefotan does not have the same cefoxitin, cephalosporins, penicillins, or other drugs. 
anaerobic spectrum as MEFOXIN. 


Pseudomembranous colitis, from mild to life-threatening 
in severity, has been reported with virtually all antibiotics 


„€, B. distasonis, B. ovatus, and B. thetaiotaomicron (including cephalosporins); therefore, it is important to 
n vitro activity does not necessarily imply in vivo effectiveness. consider its diagnosis when diarrhea develops in association 
. Prescribing information for Cefotan (Stuart), March 1986. with antibiotic use. 


?. Sutter, V.L. et al.: Wadsworth Anaerobic Bacteriology Manual, 

Ith ed., Belmont, CA, Star Publishing Co., 1985, p. 8. 

}. Rosenblatt, J.E.: Anaerobic bacteria, in Laboratory Procedures M By D 
n Clinical Microbiology, ed. J.A. Washington, New York, era po TE ! 

springer-Verlag, 1981, pp. 309-364. ERCK For a Brief Summary of 

|. Chow, A.W. and Guze, L.B.: Bacteroidaceae bacteremia: Clinical HAR Prescribing Information, 
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Me foxant % (cefoxitin Sodium|Msp) 


Indications and Usage: /reatmen!—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 
LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 
Streptococcus pneumoniae Lert Diplococcus pneumoniae), other streptococci (excluding 
enterococci, e.g., arrap, faecalis), Staphylococcus aureus (penicillinase and non-penicillinase 
producing), Escherichia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides 
species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P rettgeri, and P vulgaris), and 
Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E. coli, Klebsiella species, Bacteroides species including the B. fragilis group,§ and Clostridium 
species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 
tory disease, caused by E. coli, N. ype pe (penicillinase and non-penicillinase producing), 
Bacteroides species including the B. fragilis group,§ Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 
SEPTICEMIA caused by Strep. pneumoniae (formerly D. pneumoniae), “yt aureus (penicil- 
linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.§ 
ae ina). JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing), Staph. epidermidis, eee (excluding enterococci, e.g., Strep. 
faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 
group,§ Clostridium species, Peptococcus species, and Peptostreptococcus species. 
Although appropriate culture and susceptibility studies should be performed, therapy may be 
started while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseu- 
domonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of Enterobacter clo- 
acae. Methicillin-resistant staphylococci are almost uniformly resistant to cefoxitin. 
eee patlons: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
iotics. 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENIC!LLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
ONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 
Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 
ported with virtually all antibiotics (including cephalosporins); therefore, itis im- 
portant to consider its diagnosis when diarrhea develops in association with 
antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by C/ostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone; in more severe cases, 
management may include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and pop ementation, and use of a drug such as oral yar isolation of the patient 
may be advisable. Other causes of colitis should also be considered. 
Precautions: Genera/— Total daily dose should be reduced in patients with reduced urinary out- 
put due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, particularly colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
repeated evaluation of the patient's condition is essential. If superinfection occurs, take appropri- 
ale measures. K 
Drug Interactions —\ncreased nephrotoxicity has been reported following concomitant adminis- 
tration of cephalosporins and aminoglycoside antibiotics. 
Drug/Laboratory Test Interactions—High concentrations (> 100 mcg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false in- 
creases of modest degree in creatinine levels reported; serum samples should not be analyzed for 
creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
fere with measurement of urinary 17-hydroxy-corticosteroids Dy the Porter-Silber reaction and 
produce false increases of modest degree in levels reported. A false-positive reaction for glucose 
in urine has been observed with CLINITEST !! reagent tablets. 
Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mum recommended human dosage revealed no effects on fertility or mating ability. 
Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated 
with a high incidence of abortion and maternal death, neither considered teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 
Nursing Mothers—Excreted in human milk: Exercise caution. 
Pediatric Use—Satety and efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months and older, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT. 
Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- 
quently. Loca! Reactions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramuscular injections. A/lergic Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
diovascular —Hypotension. Gastrointestinal—Diarthea, including documented pseudomembra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, 
leukopenia including peeps apd neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
SGPT, serum LDH, and serum alkaline phosphatase. Rena/ Function—Elevations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acute renal failure. 
Note: In group A ee a therapy should be maintained for at 
least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. Intramuscular injections should be well within the body of a relatively large muscle 
such as the upper outer quadrant of the buttock e, gluteus maximus); aspiration is necessary to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and children 
should not exceed 12 grams. 
How Supplied: Sterile cefoxitin sodium in vials and infusion bottles contain- 
ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


§ B. fragilis, B. distasonis, B. ovatus, B. thetaiotaomicron, B. vulgatus 
ll Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 


For more detailed information, consult your MSD Representative S 
or see Prescribing Information. Merck Sharp & Dohme, 
Division of Merck & Co., INC., West Point, PA 19486 JEMF48(120) DOHM 
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NEW 5th EDITION! 


DIAGNOSIS AND 
MANAGEMENT OF 
THE FETUS AND 
NEONATE AT RISK: A 
Guide for Team Care 


By Martin L. Pernoll, M.D.; Gerda |. Benda, M.D. 
and S. Gorham Babson, M.D. 

“As a quick, ready reference to most problems in 
perinatal and neonatal medicine, this well- 
illustrated book serves the reader . . .’ (NEJM on 
the previous edition) 

Here’s an important addition to the reading list of 
anyone who cares for mothers and infants at risk. 
Emphasizing the team approach, this concise 
reference offers you practical guidance in identify- 
ing and managing the common problems 
creating risks in the fetus and neonate. July, 
1986. Approx. 368 pages, 70 illustrations. (0434-6) 
About $41.95 

OUTLINE OF CONTENTS: 

Section |: DIAGNOSIS AND MANAGEMENT OF 
THE HIGH-RISK FETUS AND NEONATE 
Section Il: SERIOUS OBSTETRIC PROBLEMS 
AND THE PERINATE 

Section Ill: SPECIFIC PROBLEMS OF THE 
NEONATE 

Section IV: PERINATAL OUTCOME 

Appendixes 





Save time, call FREE 1-800-345-8500, 
ext. 15. Our hotline is open 24 hours a 
day, 7 days a week. 


AMS-940-031 


BS MRS AmO SEE ee ee eee ee) ee ee 
FREE for 30 days! Please send me __—_—— —— copies of: 
|] Pernoll, DIAGNOSIS AND MANAGEMENT OF THE 

FETUS AND NEONATE AT RISK: A Guide for Team 

Care (0434-6) at about $41.95 
O Bill me, plus shipping charges O Payment enclosed 
Q MasterCard O VISA 
Card # 
Please print or type. 
Name (first, middle, last) 
Address 
OR So a ee 
Bus. phone poe toe ECR 
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MOSBY 





TIMES MIRROR 


Exp. dale) <2) > 


To properly process purchase orders and for more personal service, mail this coupon to: 
Dennis Carson, The CV. Mosby Company, 11830 Westline Industrial Dr., St. Louis, MO 63146. 
30 day approval good in U.S. and Canada. PRICES SLIGHTLY HIGHER OUTSIDE U.S. Əutside 
U.S. and Canada, please pay by check or money order in dollar equivalent. ALL PRICES SUB- 


JECT TO CHANGE. Add applicable sales tax. AMS-940-031-03 


Announcing a major new report for companies active or interested 
in the perinatal marketplace .. . 


ERINATAL CARE 
PRODUCTS MARKET 


Published August 1986 150 pages 49 tables and exhibits 






Complete coverage of markets, technologies, and developments— 
Designed for marketing and planning executives in companies active 


or interested in the perinatal care marketplace— 


For more information on Report 7068 or to order 
a copy contact BBI at the address shown below 
or return a photocopy of this coupon. 


C] We wish to order Report 7068 PERINATAL CARE 
PRODUCTS MARKET for $1850. 


C] Send additional copies at $150 each. 
California-based clients add 6% sales tax to the 
order total. 


|_| We wish to review the table of contents for Report 
7068 prior to purchasing. 


Name 
Title 
Company 
Address 
City yi Nie 
State = Zip 

C Acheck for $ 


C) OurP.O.numberis _ 
Signature 





























__ is enclosed. 











Telephone 








NOTE: BBI has published another report: 
7020 REPRODUCTIVE TECHNOLOGY AND 
MARKETS, April, 1986, 120 pages, $1850. 


C] Senda table of contents for REPRODUCTIVE 
TECHNOLOGY AND MARKETS for our 
review. 





Comprehensive coverage from 


preconception screening to neonatal 


care. Topics include: 


Genetic Counseling/Parental Screening 

Fertility Control 

Fertility Monitoring 

In Vitro Fertilization/Embryo Transfer 

Infertility Treatment 

Home Pregnancy Testing 

Prenatal Diagnostic Procedures: 
Amniocentesis, CVS, 
Fetoscopy, Gene Probes, 
Diagnostic Tests for Specific Conditions 
Fetal Imaging 

Prevention of Low Birthweight 

Prevention of Preterm Births 

Fetal Therapeutics/Surgery 

Fetal Monitoring Pre- and Post-birth 

Cesarean Section and Delivery Aids 

Perinatal Disease Transmission 

Neonatal Care/Rapid Diagnostic 
Procedures 

Neonatal Tests and Technologies 

Therapeutic Advances 

NICU: Costs, Technologies 

Home Care of High-Risk Neonates 

Treatment of Birth Defects 


BIOMEDICAL BUSINESS INTERNATIONAL 


A Macmillan Healthcare Information Company 
17722 Irvine Boulevard, Tustin, California 92680 
Telephone 714/838-8350 Telex 683443 BBI TSTN Telefax 714/838-0734 


BBI is a full-service information company specializing in healthcare market and technology information and serving medical device, diagnostics, 
and pharmaceutical companies through publications, conferences, market and technology reports, information services, and proprietary consulting. 
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Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


OFON A DON NI NTO 
WITH THE CONFIDENCE 


"Serious as well as minor side effects have been reported following the use of all oral ¢ ontraceptives: These include thromboembolic disease. The physici 
should remain alert to the earliest manifestations of any symptom of serious disease and discontinue oral contraceptive therapy when appropriate. Thes 
represent only the results of selected studies. Therefore, before prescribing, the physician should read and remain alert to all data found in the complete 
prescribing information for the product. Please also see brief summary of prescribing information on the last page of advertisement 





A formulation with the lowest tota 
‘«tmonal dose in a combination OC 


hased doses of both 
svonorgestrel and 

thinyl estradiol 

ermits a decrease in total steroid dose 
ithout compromising effectiveness. 


ow incidence of 

reakthrough bleeding 

low 5.7% overall incidence of break- 
rough bleeding based on 77 U.S. and 
|. Mstudies involving 3,546 women 
35,036 total cycles).' 


imple first dose/first day start 
he first dose is taken on the first 
lay of menstruation. No need to 
ount days or wait for Sunday starts. 


\ formulation with 

e confidence of 
70 million cycles of 
experience worldwide 


Minimal impact on the 

following metabolic and 
hemodynamic parameters” 
Lipids?*carbohydrate metabolism**and 
blood pressure’ were not significantly 
affecfed in certain specific studies. 


Available in 

28-day and 
21-day Slidecase"™ 

dispensers 


PRI-LEVLEN"28 TRI:LEVLEN"21 Gig BERLEX Pedicited to innovation 
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Levonorgestrel and ethinyl estradiol tablets—Triphasic regimen 


BRIEF SUMMARY 

Tri-Levien ™ —6 brown tablets, each containing 0.050 m of levonorgestrel (d(-)-13 beta-ethyl-17-alpha-ethinyl-17-beta-hydroxy- 
on-4-en-3-one), a totally synthetic progestogen, and 0.030 mg of ethinyl estradiol (19-nor-17c-pregna-1,3,5(10)-trien-20-yne-3, 17- 
iol); 5 white tablets, each containing 0.075 mg levonorgestrel and 0.040 mg ethinyl estradiol; 10 light-yellow tablets, each 
containing 0.125 mg levonorgestrel and 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in 
the 28-day triphasic k erpe j 

Indications and Usage—Tri-Levien Tablets are indicated for the prevention of pregnancy in women who elect to use oral contraceptives 
(OCs) as a method of contraception. 

Contraindications—OCs should not be used in women with any of the following conditions: 1. Thrombophlebitis or thromboembolic 
disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 3. Cerebral-vascular or coronary-artery 
disease. 4. Known or suspected carcinoma of the breast. 5. Known or suspected estrogen-dependent neoplasia. 6. Undiagnosed 
abnormal genital bleeding. 7. Known or suspected pregnancy (see Warning No. 5). 8 Benign or malignant liver tumor which 

a during the use of OCs or other estrogen-containing products. 


ngs 
Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk increases with age and 
with heavy cases (15 or more cigarettes per day) and is quite marked in women over 35 years of age. Women who use oral 
contraceptives should be strongly advised not to smoke. 
The use of oral contrateptives is associated with increased risk of several serious conditions, including thromboembolism, 
stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practitioners prescribing oral con- 
traceptives should be familiar with the following information relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of thromboembolic and thrombotic disease associated 
with the use of OCs is well established. Three principal studies in Great Britain and three in the United States have demonstrated an 
increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and thrombotic. These studies estimate 
that users of OCs are 4 to 11 times more likely than nonusers to develop these diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than nonusers and the risk of 
thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 

MYOCARDIAL INFARCTION—An increased risk of myocardial infarction associated with the use of OCs has been reported, confirming a 
previously suspected association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history 
of preeclamptic toxemia) the higher the risk of developing myocardial infarction, regardless of whether the patient was an OC user or 
not. OCs, however, were found to be a clear additional risk factor. In terms of relative risk, it has been estimated that OC users who do 
not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as likely to have a fatal 
myocardial infarction as nonusers who do not smoke. OC users who are also smokers have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a 10- to 12-fold increased risk compared to nonusers who do not smoke. 
Furthermore, the amount of smoking is also an important factor. In determining the importance of these relative risks, however, the 
baseline rates for various age groups must be given serious consideration. The importance of other predisposing cenditions mentioned 
above in determining relative and absolute risks has not as yet been quantified; it is quite likely that the same synergistic action 
exists, but perhaps to a lesser extent. 

RISK OF DOSE—In an analysis of data derived from several national adverse reaction reporting systems, British investigators 
concluded that the risk of thromboembolism, including coronary thrombosis, is directly related to the dose of estrogen used in OCs. 
Preparations containing 100 mcg or more of estrogen were associated with a higher risk of thromboembolism than those containing 
50-80 mcg of estrogen. Their analysis did suggest, however, that the quantity of estrogen may not be the sole factor involved. This 
finding has been confirmed in the United States. 

ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large prospective study carried out in the U.K. estimated the 
mortality rate per 100,000 women per year from diseases of the circulatory system for users and nonusers of OCs according to age. 













~ smoking habits and duration of use. The overall excess death rate annually from circulatory diseases for OC users was estimated to be 


20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49—140/100,000), the risk being concentrated in 
older women, in those with a long duration of use and in cigarette smokers. It was not possible, however, to examine the 
interrelationships of age, smoking and duration of use, nor to compare the effects of continuous vs. intermittent use. Although the 
study showed a 10-fold increase in death due to circulatory diseases in users for 5 or more years, all of these deaths occurred in women 
35 or older. Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is nct possible to assess 
the magnitude of the relative risk for this younger age group. The available data from a variety of sources have been analyzed to 
estimate the risk of death associated with various methods of contraception. The estimates of risk of death for each method include 
the combined risk of the contraceptive method (e.g., thromboembolic and thrombotic disease in the case of OCs) plus the risk 
attributable to pregnancy or abortion in the event of method failure. This latter risk varies with the effectiveness of the contraceptive 
method. The study concluded that the mortality associated with all methods of birth control is low and below that associated with 
childbirth, with the exception of OCs in women over 40 who smoke. The lowest mortality is associated with the condom or diaphragm 
backed up by early abortion. The risk of thromboembolic and thrombotic disease associated with OCs increases with age after 
approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterolemia, obesity, diabetes or 
history of preeclamptic toxemia and, especially, by cigarette smoking. The physician and the patient should be alert to the earliest 
manifestations of thrombophlebitis and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular 
insufficiency, coronary occlusion, retinal thrombosis and mesenteric thrombosis), Should any of these occur or be suspected, the drug 
should be discontinued immediately. A four-to-six-fold increased risk of postsurgery thromboembolic complications has been reported 
in oral contraceptive users. If feasible, OCs should be discontinued at least 4 weeks before surgery of a type associated with an 
increased risk of thromboembolism or prolonged immobilization. 

PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Great Britain involving cerebrovascular disease and 
another study in the United States concerning myocardial infarction suggest that an increased risk of these conditions in users of OCs 
persists after discontinuation of the OC. In the British study, the risk of cerebrovascular disease remained elevated in former OC users 
for at least six years after discontinuation. In the U.S. study, an increased risk of myocardial infarction persisted for at least 9 years in 
women 40- to 49-years-old who had used OCs for five or more years. The findings in both these studies require comfirmation since they 
are inconsistent with other published information. 

2. Ocular Lesions: There have been reports of neuro-ocular lesions, such as optic neuritis or retinal thrombosis, associated with the use 
of OCs. Discontinue OC medication if there is unexplained, sudden or gradual, partial or complete loss of vision; onset of proptosis or 
diplopia; papilledema or retinal-vascular lesions, and institute appropriate diagnostic and therapeutic measures. 

3. Carcinoma: Long-term continuous administration of either natural or synthetic estrogen in certain animal species increases the 
frequency of carcinoma of the breast, cervix, vagina and liver. Certain synthetic progestogens, none currently contained in OCs, have 
been noted to increase the incidence of mammary nodules, benign and malignant, in dogs. In humans, three case-control studies have 
reported an increased risk of endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal 
women. One publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on OCs. Of the cases found in women without predisposing risk factors for adenocarcinoma of the 
endometrium (e.g., irregular bleeding at the time OCs were first given, polycystic ovaries), nearly all occurred in women who had used a 
sequential OC. These products are no longer marketed. No evidence has been reported suggesting an increased risk of endometrial 
cancer in users of conventional combination or progestogen-only OCs. Several studies have found no increase in breast cancer in 
women taking OCs or estrogens. One study, however, while also noting no overall increased risk of breast cancer in women treated with 
OCs, found an excess risk in the subgroups of OC users with documented benign breast disease. A reduced occurrence of benign breast 
tumors in users of OCs has been well-documented. In summary, there is ce pon no confirmed evidence from human studies of an 
increased risk of cancer associated with OCs. Close clinical surveillance of all women taking OCs is, nevertheless, essential. In all 
cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures should be taken to rule out 
malignancy. Women with a strong family history of breast cancer or who have breast nodules, fibrocystic disease or abnormal 
mammograms should be monitored with particular care if they elect to use OCs. 

4. Hepatic Tumors: Benign hepatic adenomas have been found to be associated with the use of OCs. One study showed that OC 
formulations with high hormonal potency were associated with a higher risk than lower potency formulations. Although benign, 
hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been reported in short-term as 
well as long-term users of OCs. Two studies relate risk with curation of use of OCs, the risk being much greater after 4 or more years of 
OC use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain and tenderness, 
abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women taking OCs. The relationship of these 
drugs to this type of malignancy is not known at this time. 

5, Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring and Malignancy in Female Offspring: The use of female sex 
hormones—both estrogenic and progestational agents—during early pregnancy may seriously damage the offspring. It has been 
shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. This risk has been estimated to be of the order of 1 in 1,000 
exposures or less. Although there is no evidence at the present time that OCs further enhance the risk of developing this type of 
malignancy, such patients should be monitored with particular care if they elect to use OCs. Furthermore, a high percentage of such 
exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether this condition is a precursor of vaginal malignancy. Male children so exposed may 
develop abnormalities of the urogenital tract. Although similar data are not available with the use of other estrogens, it cannot be 
presumed that they would not induce similar changes. An increased risk of congenital anomalies, including heart defects and limb 
defects, has been reported with the use of sex hormones, including OCs, in pregnancy. One case-control study has estimated a 4.7-fold 
increase in risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, hormonal withdrawal tests for pregnancy 
or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a few days of treatment. 
The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than one in 1,000 live births. In the past, 
female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual abortion. There is considerable 
evidence that estrogens are ineffective for these indications, and there is no evidence from well-controlled studies that progestogens 
are effective for these uses. There is some evidence that triploidy and possibly other types of polyploidy are increased among abortuses 
from women who become pregnant soon after ceasing OCs. Embryos with these anomalies are virtually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping OCs is unknown. It is 
recommended that, for any patient who has missed two consecutive periods, pregnancy should be ruled out before continuing. If the 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at the time of the first missed 
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period and further use of OCs should be withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should b 
apprised of the potential risks to the fetus, and the advisability of continuation of the pregnancy should be discussed in the light c 
these risks. It is also recommended that women who discontinue OCs with the intent of becoming pregnant use an alternate form o 
contraception for a period of time before attempting to conceive. Many clinicians recommend 3 months, although no precis 
information is available on which to base this recommendation. The administration of progestogen-only or progestogen-estroge: 
combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 

6. Gallbladder Disease: Studies report an increased risk of surgically confirmed gallbladder disease in users of OCs and estrogens. |) 
one study, an increased risk appeared after 2 years of use and doubled after 4 or 5 years of use. In one of the other studies, ai 
increased risk was apparent between 6 and 12 months of use. 

7. Carbohydrate and Lipid Metabolic Effects: A decrease in glucose tolerance has been observed in a significant percentage o 
patients on OCs. For this reason, prediabetic and diabetic patients should be carefully observed while receiving OCs. An increase i 
triglycerides and total phospholipids has been observed in patients receiving OCs. Three studies have been performed with thi 
Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol Tablets Triphasic Regimen) formulation and no significant alterations in lipii 
metabolism were noted, with the exception of a slight increase in triglyceride levels in one study. The clinical significance of thes: 
findings remains to be defined. 

8. Elevated Blood Pressure: An increase in blood pressure has been reported in patients receiving OCs. In some women, hypertensio! 
may occur within a few months of beginning OC use. In the first year of use, the prevalence of women with hypertension is low in user 
and may be no higher than that of a comparable group of nonusers. The prevalence in users increases, however, with longer exposure 
and in the fifth year of use is two-and-a-half to three times the reported prevalence in the first year. Age is also strongly correlated wit! 
the development of hypertension in OC users. Women who previously have had hypertension during pregnancy may be more likely ti 
develop elevation of blood pressure when given OCs. Hypertension that develops as a result of taking OCs usually returns to norma 
after discontinuing the drug. 

9. Headache: The onset or exacerbation of migraine or development of headache of a new pattern which is recurrent, persistent o 
severe, requires discontinuation of OCs and evaluation of the cause. 

10. Bleeding Irregularities: Breakthrough bleeding, spotting and amenorrhea are frequent reasons for patients discontinuing OCs. Ir 
breakthrough bleeding, as in all cases of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. Ir 
undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule ou 
pregnancy er malignancy If pathology has been excluded, time or a change to another formulation may solve the problem. Changing tt 
an OC with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should be done only if necessary 
since this may increase the risk of thromboembolic disease. Women with a past history of oligomenorrhea or secondary amenorrhea oi 
young women without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuation o' 
OCs. Women with these preexisting problems should be advised of this possibility and encouraged to use other contraceptive methods 
Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 

11. Ectopic Pregnancy: Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 

12. Breast-feeding: OCs given in the postpartum period may interfere with lactation, There may be a decrease in the quantity anc 
quality of the breast milk. Furthermore, a small fraction of the hormonal agents in OCs has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the breast-fed child have not been determined. If feasible, the use of OCs should be 
deferred until the infant has been weaned, 

Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OCs. The pretreatment 
and periodic physical examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, 
including Papanicolaou smear and relevant laboratory tests. As a general rule, OCs should not be prescribed for longer than | year 
without another physical examination and PAP smear being performed. 2. Under the influence of estrogen-progestogen preparations, 
preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression should be carefully observed and 
the drug discontinued if depression recurs to a serious degree. Patients becoming significantly depressed while taking OCs should 
stop the medication and use an alternate method of contraception in an attempt to determine whether the symptom is drug-related. 4. 
OCs may cause some degree of fluid retention. They should be prescribed with caution, and only with careful monitoring. in patients 
with conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or cardiac or 
renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of recurrence of jaundice while 
receiving OC therapy. If jaundice develops in any patient receiving such drugs, the medication should be discontinued. 6. Steroid 
hormones ma be poorly metabolized in patients with impaired liver function and should be administered with caution in such 
patients. 7. OC users may have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The 
clinical significance of this is yet to be determined. 8. Serum folate levels may be depressed by OC therapy. Since the pregnant woman 
is predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing gestation, it is 
possible that if a woman becomes pregnant shortly after stopping OCs, she may have a greater chance of developing folate deficiency 
and complications attributed to this deficiency 9. The pathologist should be advised of OC therapy when relevant specimens are 
submitted. 10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing OCs: a. 
Increased sulfobromophthalein retention. b. Increased prothrombin and factors VII, VIII, IX and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulating total- 
thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column or T4 by radioimmunoassay. Free T3 resin uptake is 
decreased, reflecting the elevated TBG; free T4 concentration is unaltered. d. Decreased pregnanediol excretion. e. Reduced response 
to metyrapone test. 

Information for the Patient—See Patient Package Labeling 

Drug Interactions— Reduced efficacy and increased incidence of breakthrough bleeding have been associated with concomitant use of 
rifampin. A similar association has been suggested with barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Carcinogenesis—See “Warnings” section for information on the carcinogenic potential of OCs. 

Pregnancy—Pregnancy Category X. See “Contraindications” and “Warnings.” 

Nursing Mothers—See “Warnings.” 

Adverse Reactions—An increased risk of the following serious adverse reactions has been associated with the use of OCs (see 
“Warnings’): thrombophlebitis, pulmonary embolism, coronary thrombosis, cerebral thrombosis, cerebral hemorrhage, hypertension, 
gallbladder disease, benign hepatomas, congenital anomalies. 

There is evidence of an association between the following conditions and the use of OCs, although additional confirmatory studies are 
needed: mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 

The following adverse reactions have been reported in patients receiving OCs and are believed to be drug-related: Nausea and/or 
vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of patients during the first cycle. 
Other reactions, as a general rule, are seen much less frequently or only occasionally: gastrointestinal symptoms (such as abdominal 
cramps anc bloating); breakthrough bleeding: spotting: change in menstrual flow; dysmenorrhea; amenorrhea during and after 
treatrhent; temporary infertility after discontinuance of treatment; edema; chloasma or melasma which may persist; breast changes: 
tenderness, enlargement and secretion; change in cervical erosion and cervical secretion; possible diminution in lactation when given 
immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; change in corneal curvature (steepening); intolerance to contact lenses. 
The following adverse reactions have been reported in users of OCs, and the association has been neither confirmed nor refuted. 
premenstrual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, cystitis-like syndrome, headache, ner- 
vousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema nodosum, hemorrhagic eruption, vaginitis, 
porphyria, hemolytic uremic syndrome, 
Acute Overdese—Serious ill effects have not been reported ‘ollowing acute ingestion of large doses of OCs by young children. 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. 
Dosage and Administration—To achieve maximum contraceptive effectiveness, Tri-Levien Tablets (Levonorgestrel and Ethinyl Estradiol 
Tablets—Triphasic Regimen) must be taken exactly as directed and at intervals not exceeding 24 hours. (If Tri-Levien is first taken 
later than the first day of the first menstrual cycle of medication or postpartum, contraceptive reliance should not be placed on it until 
after the first 7 consecutive days of administration. The possibility of ovulation and conception prior to initiation of medication should 
be considered.) Any time the patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another method of 
contraception until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information and package insert. 
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Nausea and vomiting of pregnancy and association with 


pregnancy outcome 


Forrest D. Tierson, Ph.D., Carolyn L. Olsen, Ph.D., and Ernest B. Hook, M.D. 


Colorado Springs, Colorado, and Albany, New York 


The patterns of nausea and/or vomiting of pregnancy were investigated in a group of 414 predominantly 
white, upper middle-class women in Albany, New York; patterns were ascertained before their eighty- 
eighth day of gestation and followed up to the end of pregnancy. Of these, 89.4% reported at least some 
symptoms. This frequency is higher than reported previously, perhaps in part because extensive attempts 
were made in this study to ascertain symptoms. The incidence of vomiting was about 55%. Women with 
no symptoms of nausea and/or vomiting of pregnancy experienced a significantly greater proportion of 
nonviable pregnancy outcomes (fetal death). Increased intake of niacin during the first trimester was 
associated with decreased infant birth weight. This may be the result of quicker fetal maturation due to 
increased levels of protein intake. (AM J OssteT GYNECOL 1986;155:1017-22.) 


Key words: Nausea and vomiting, pregnancy, fetal outcome 


Nausea and vomiting of pregnancy is a ubiquitous 
symptom complex, yet relatively little is known of its 
cause or epidemiology.'* In spite of continued wide- 
spread popular recognition of the existence of a rela- 
tionship between nausea and vomiting, on the one 
hand, and pregnancy, on the other, little scientific in- 
quiry has been directed at developing an understand- 
ing of this symptom complex. For instance, since 1950, 
only about 30 articles have been published on nausea 
and vomiting of pregnancy, and most of these were 
concerned with hyperemesis.' While several studies 
have reported some data on prevalence of symp- 
toms,'’ few discuss details on time of onset or duration 
of symptoms. Further, many descriptive studies are ret- 
rospective in nature, reporting observations in women 
ascertained relatively late in pregnancy or even well 
after pregnancy termination. 

We report here on the incidence of nausea and/or 
vomiting of pregnancy and the course of this symptom 
complex in women ascertained in the first trimester of 
pregnancy and followed up subsequently until 8 weeks 
post partum. These data were gathered as part of a 
study of the biologic significance of the symptom com- 
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plex during pregnancy and its interaction with mater- 
nal nutrition and pregnancy outcome. To our knowl- 
edge, this is the first study in which data were gathered 
prospectively in a well-defined cohort of women all 
evaluated systematically from early in pregnancy. 


Material and methods 


The goal of subject selection for this study was to 
obtain a representative sample of pregnant women 
early in their pregnancies and to evaluate them until 
delivery. Recruitment of women into the study was han- 
dled through the offices of private obstetricians and 
through three area obstetric clinics in Albany, New 
York. All pregnant women who came into the partici- 
pating offices for their first prenatal visit between Jan- 
uary 1, 1976, and May 31, 1977, were informed of the 
study and asked if they would like to participate. 

The first interview was designed to occur during the 
twelfth week of pregnancy, at which time informed 
consent was also obtained. Women contacted for their 
first interview after the eighty-eighth day of pregnancy 
(calculated from the onset of the last menstrual period) 
were not included in the study. Of the original 591 
women expressing an interest in the study, only 472 
were interviewed before the eighty-eighth day. Twenty- 
two of these women chose not to participate in the 
study, so that 450 women were in the initial cohort. Of 
these 450 women, five had twin births, two had induced 
abortions before the thirteenth week of pregnancy (be- 
cause of maternal exposure to rubella), 14 had spon- 
taneous abortions before the twelfth week, 10 women 
moved away from the area without leaving a forward- 
ing address, and five chose not to participate after the 
initial interview. These cases were removed from the 
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Fig. 1. Cumulative percent of women in the entire sample 
showing onset of symptoms of nausea (dotted line) and vomiting 
(solid line) at indicated periods during pregnancy. 


study cohort, so that 414 women remained. This report 
is based on the analysis of data obtained from this co- 
hort of 414 women. 

The initial interview was conducted in person at the 
woman’s earliest convenience before the eighty-eighth 
day. Information about the twelfth week of pregnancy 
and about the month before the last menstrual period 
was obtained during the initial interview, Subsequent 
interviews were conducted by telephone to cover the 
sixteenth, twentieth, thirtieth, and thirty-eighth weeks 
of pregnancy and 8 weeks post partum. 

The information collected on nausea and vomiting 
included the date of onset of symptoms, the time of 
day that symptoms were usually experienced, the total 
number of days since the preceding interview that each 
symptom was experienced, and the date each symptom 
stopped. To assist memory recall, the study participants 
kept a log of these events. 

Since women could experience nausea and/or vom- 
iting as a result of illness or other factors in addition 
to pregnancy, we also queried about other concomitant 
illnesses and symptoms such as urinary tract infections, 
diarrhea, other “flu” symptoms, and so forth. All epi- 
sodes of known or suspected non—pregnancy-related 
nausea and vomiting have been excluded from the anal- 
ysis presented here. 

Two methods were used to obtain data on food con- 
sumption. First, a 24-hour recall was used to obtain 
information on the actual ingestion of nutrients. This 
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Fig. 2. Cumulative percent of women in the cohort ever de- 
veloping symptoms showing cessation of nausea (dotted line) 
and vomiting (solid line) by indicated periods during preg- 
nancy. 


recall recorded the specific times (and quantity) of all 
foods, beverages, and nutrient supplements consumed 
in the 24 hours immediately preceding each interview. 
This information was converted to constituent nu- 
trients with the use of a computer program developed 
for the Ten-State Nutrition Survey.’ 

Second, a 7-day diet history was obtained that cov- 
ered the 7 days immediately preceding the day of each 
interview, except for the information from before the 
last menstrual period, which was obtained at the initial 
interview. The 7-day diet history consisted of a list of 
20 food and 13 beverage categories, for each of which 
the frequency of consumption, in number of servings 
per week, was recorded at each interview period.” !° 


Results 


Although a concerted effort was made to obtain a 
representative sample of pregnant women, the final 
study cohort was skewed heavily toward the upper end 
of any scale selected to measure socioeconomic status. 
Lack of women of low socioeconomic status is the result 
of two factors. First, women of lower socioeconomic 
status tend not to seek prenatal care as early as women 
of high socioeconomic status. Since we placed con- 
straints on recruitment in terms of early enrollment in 
the study, selection favored women of high socioeco- 
nomic status. Also participation in this study required 
considerable participant motivation since the comple- 
tion of several interviews during the course of the preg- 
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Table I. Relationship between nausea and/or 
vomiting of pregnancy experience and 
pregnancy outcome 







Nausea and/or vomiting of pregnancy 





Vomiting 







Nausea only of pregnancy 
Outcome (n = 136) (n = 234) 
category (%) (%) 





Live birth 80.0 89.7 95.4 
(n = 383) 

Fetal death 20.0 10.3 4.7 
(n = 31) 


x? = 13.0208; p = 0.0015. 


nancy was required. Women of lower socioeconomic 
status who were initially enrolled in the study dropped 
out at a much higher rate than women of high socio- 
economic status. Consequently we obtained primarily 
an upper-class group. For example, 400 women were 
white. The mean age of participants was 27.35 years 
(SD = 3.47), with a minimum maternal age of 17 years 
and a maximum of 39 years. All but 3% had finished 
high school, and 74% had some college education. At 
least 12% of the participants and more than 30% of 
their mates (father of the child) had completed master’s 
degrees. Nearly 35% of the women were experiencing 
their first pregnancy. (A more complete description of 
the study population exists elsewhere.”) 

A total of 370 women, or 89.4% of the 414 who 
completed the study protocol, reported having nausea 
and/or vomiting of pregnancy. Forty-four women 
(10.6%) had no symptoms. There were 358 women 
(86.5%) in the study sample who had nausea. Of these, 
136 had nausea without any vomiting, while the re- 
maining 222 women experienced vomiting with nausea. 
A few women (12) had vomiting but did not report 
accompanying nausea, bringing the total number who 
had vomiting to 234 (56.5% of the sample). 

The mean and median week of onset of nausea 
among women who ever had nausea was the sixth week 
of gestation. There was no significant difference in 
means for women who had nausea only compared with 
women who had nausea with vomiting. Fig. 1 shows 
the cumulative distribution of the week of onset of nau- 
sea (dotted line) and vomiting (solid line). Here we see 
that by the fourth week of gestation only about 20% of 
all women had developed symptoms of nausea. There- 
after the numbers of women developing symptoms of 
nausea sharply increased so that by the eighth week 
nearly 80% of the women in the sample had developed 
nausea. Ninety-eight percent of all women who ever 
developed nausea, or about 86% of the total sample, 
had begun having symptoms by week 16. 

- A total of 52% of all women in the study had devel- 
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Fig. 3. Pattern of nausea (dotted line) and vomiting (solid line) 
during pregnancy. 


oped vomiting (solid line) by the twelfth week. This rep- 
resents 91.5% of the women who ever developed vom- 
iting. 

Fig. 2 displays the cumulative percent of women ever 
having symptoms who stopped having nausea (dotted 
line) or vomiting (solid line). Some women experienced 
nausea for only a few weeks. By the twelfth week of 
gestation, 30% of all women who had nausea had 
stopped having symptoms. By week 15, 50% had 
stopped. The number of women with nausea continued 
to decline, but by the twentieth week of gestation 25% 
were still experiencing symptoms. A few continued hav- 
ing nausea until the end of gestation. Fifty percent of 
the vomiting women (solid line) had stopped having 
symptoms by the fifteenth week, while the mean week 
of cessation of vomiting was 17.3 weeks. In addition, 
nausea persisted significantly longer among women 
whose nausea was accompanied by vomiting than 
among women with nausea alone. 

The incidence of nausea or vomiting in a population 
of pregnant women in any given week of pregnancy 
reflects the variation among women in the time of onset 
and cessation of symptoms. In other words, each week 
some women are added when their symptoms begin 
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Fig. 4. Maternal weight during the course of pregnancy among 
three different nausea and/or vomiting of pregnancy expo- 
sure categories. No NVP = No nausea and/or vomiting of 
pregnancy; NP Only = Nausea only; VP = Vomiting of preg- 
nancy. 


and other women are subtracted because their symp- 
toms stop. The distribution of the proportion of women 
with nausea (dotted line) and vomiting (solid line) in each 
week of gestation is shown in Fig. 3. For example, at 
10 weeks’ gestation, approximately 70% of all women 
in the study population were experiencing nausea. The 
peak at 8 weeks reflects the fact that most women who 
ever had nausea had begun having symptoms by the 
eighth week and very few had ceased having symptoms 
by then. 

The distribution of the population of women having 
vomiting (solid line, Fig. 3) in each week of gestation 
peaked at about the same time as for nausea, but the 
peak was flatter for vomiting, reflecting the somewhat 
higher variance in week of onset of vomiting. Also only 
approximately 40% were experiencing vomiting by the 
eighth week compared with the 70% experiencing 
nausea. 

Of the 414 singleton pregnancies for which the com- 
plete set of data was obtained, 383 (or 93%) resulted 
in live births. Thirty-one pregnancies ended in fetal 
death. Among the live births, 18 infants (or 4.7%) were 
born prematurely (<37 weeks’ gestation), and 36 
(9.4%) weighed <2750 gm (6 pounds, | ounce). 

Table I demonstrates the relationship between preg- 
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Table II. Relationship between nausea and/or 
vomiting of pregnancy experience and infant 
birth weight 


Nausea and/or vomiting of pregnancy 
experience for all live births 











Vomiting 
Nausea only | of pregnancy | All 
Infant (n = 136) (n = 234) 
birth weight (%) (%) 






<2750 gm 19.4 5.7 9.8 9.4 
(n = 36) 

>2750 gm 80.6 94.3 90.2 90.6 
(n = 347) 


Table III. Relationship between nausea and/or 
vomiting of pregnancy experience and length 
of gestation 





Nausea and/or vomiting of pregnancy 
experience for all live births 











Vomiting 


of pregnancy | All 
(n = 234) 






Nausea only 
(n = 136) 






Length of 










gestation (%) (%) 

<37 wk Lia 1.6 5.4 4.7 
(n = 18) 

>37 wk 88.9 98.4 94.6 95.3 
(n = 365) 


nancy outcome and nausea and/or vomiting of preg- 
nancy. Here nausea and/or vomiting of pregnancy is 
indicated by none, nausea only, and vomiting of preg- 
nancy, with the corresponding numbers of women in 
each exposure group. The tabled values are the per- 
centages of women in these exposure groups experi- 
encing either live birth pregnancy outcomes or fetal 
deaths. A significantly higher proportion of women 
with no nausea and/or vomiting of pregnancy experi- 
enced fetal deaths compared with the other nausea 
and/or vomiting of pregnancy categories. 

Among live births, a larger proportion of low birth 
weight infants were delivered of women having no 
symptoms of nausea and/or vomiting of pregnancy, as 
seen in Table II. Part of the reason for this is that 
women having no symptoms of nausea and/or vomiting 
of pregnancy were more likely to be delivered earlier, 
as suggested in Table III. 

Maternal weight and weight gain during pregnancy 
are often used as measures of well-being in pregnancy. 
Fig. 4 portrays the means for maternal weight at several 
different periods during pregnancy for three different 
symptom groups: no nausea and/or vomiting of preg- 
nancy (No NVP, dashed line), nausea only (NP, dotted 
line), and vomiting of pregnancy (VP, solid line). Ondy 
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women with live births were considered here. Note that 
the mean prepregnant weight of the group experienc- 
ing no nausea and/or vomiting of pregnancy was lower 
than that of the other groups and that this difference 
was maintained throughout the pregnancy. 

A look at weight gain during pregnancy in each of 
these same three symptom groups (Fig. 5) shows that 
the pattern of weight gain is not too different between 
women with no nausea and/or vomiting of pregnancy 
and women with nausea only. However, the early pat- 
tern of weight gain among women who vomited was 
different from that of the other two groups. 

It is generally assumed that the intake levels of many 
nutrients during pregnancy are directly related to preg- 
nancy outcome, with (generally speaking) increased nu- 
trient intake related to better pregnancy outcome. Since 
dietary cravings and aversions during pregnancy have 
been shown to influence the intake level of specific food 
items, nausea and vomiting of pregnancy may also 
influence intake levels of specific nutrients. 

In order to determine the times during pregnancy 
when most of the changes in diet occurred, data on the 
frequency of consumption of the 20 food and 13 bev- 
erage categories were obtained from the 7-day diet his- 
tories. A one-way analysis of variance (with the Stu- 
dent-Newman-Keuls a posteriori test) was used to de- 
termine where most of the changes occurred from the 
last menstrual period to the twelfth, sixteenth, twen- 
tieth, thirtieth, and thirty-eighth weeks of pregnancy. 
Most of the significant (a = 0.05) changes occurred 
between the last menstrual period and the twelfth week 
of pregnancy.” ° 

A comparison of the differences in mean consump- 
tion of 16 different nutrients during one 24-hour pe- 
riod during the twelfth week of pregnancy between 
women ultimately experiencing live birth pregnancy 
outcomes and women ultimately experiencing fetal 
deaths demonstrates one importance of diet in preg- 
nancy outcome. Although the differences in mean con- 
sumption values were not significantly different at the 
95% confidence level, it is important to note that the 
mean values were higher for every nutrient category 
in the group ultimately experiencing live birth preg- 
nancy outcomes.” 

In this study significant positive associations were 
noted between the total days of nausea experienced and 
increased intake of sodium during week 12 (p < 0.01), 
vitamin C during week 12 (p < 0.05), and ash during 
week 12 (p < 0.05). A significant negative association 
(p < 0.01) existed between total days of nausea and 
intake of niacin during week 12. During the twelfth 
week of pregnancy, the total number of days of vom- 
iting was negatively associated (p < 0.05) with intake of 
potassium and vitamin A. Statistical significance for 
these associations was determined by the use of the 
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Fig. 5. Maternal weight gain during the course of pregnancy 
among three different nausea and/or vomiting of pregnancy 
exposure categories. No NVP = No nausea and/or vomiting 
of pregnancy; NP Only = Nausea only; VP = Vomiting of 
pregnancy. 


relative odds ratio and the value of the associated x” 
statistic. 

Since increased intake of niacin early in pregnancy 
was significantly associated with decreased infant birth 
weight in this study population, the negative association 
between total days of nausea and intake of niacin dur- 
ing the twelfth week is especially noteworthy. In other 
words, significantly lower niacin intake was reported 
by women experiencing longer periods (more days) of 
nausea and/or vomiting of pregnancy, and these 
women were also delivered of heavier infants com- 
pared with infants of women experiencing less nausea 
and/or vomiting of pregnancy. Since foods that are 
high in niacin (especially meats, nuts, and so forth) are 
also high in protein, this relationship is difficult to un- 
derstand. However, most of the low infant birth weight 
is a function of shortened length of gestation rather 
than being related to small for gestational age infants. 


Comment 


Earlier studies by others of the incidence of nausea 
and/or vomiting in pregnancy have reported somewhat 
lower rates than we report here, although nausea and 
vomiting have rarely been treated as separate symp- 
toms. Much of the difference between this study and 
previous ones is probably attributable to our greater 
ascertainment of women with only minor symptoms of 
nausea. This may reflect greater memory recall of nau- 
sea among the women in our study resulting from in- 
terviewing them initially in early pregnancy and sub- 
sequently every 2 weeks until week 16 and again in 
week 20. In addition participants in our study were 
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asked to keep a written record of symptoms of nausea 
and vomiting to assist memory recall during the inter- 
views. 

Since winters are often depressing for many, a sea- 
sonal influence on the expression of nausea and vom- 
iting was suspected. However, although small seasonal 
influences were observed in the intake of some food 
items (mostly due to availability), no discernible sea- 
sonal influence on the expression of nausea and vom- 
iting was observed. 

An additional question raised by our higher estimate 
of incidence for any nausea and/or vomiting of preg- 
nancy was whether women with nausea and/or vomit- 
ing of pregnancy had a tendency to seek medical care 
earlier than women without symptoms and thus have 
been more likely to be recruited into our study. When 
the data were scrutinized for evidence of such an effect, 
it was found that the mean and median date of entry 
into the study of women with nausea and/or vomiting 
of pregnancy was slightly later than for women with 
no nausea and/or vomiting of pregnancy, although the 
difference was not significant. 

Several researchers have reported during the past 
few years that protein supplement programs during 
pregnancy have yielded contradictory results, some- 
times producing lowered birth weights instead of in- 
creasing birth weight as might be expected.'' The cause 
of the lowered birth weight is shortened length of ges- 
tation. With a high intake of protein, the fetus matures 
quicker than “normal” and is delivered earlier than 
would otherwise have been the case. We suggest that 
the relationship between high levels of niacin intake 
and lowered birth weight—shortened gestational length 
noted in this study may well be the result of the more 
rapid than normal maturation of the fetus due to the 
much increased levels of protein intake. 
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Again we stress that this study group was composed 
of predominantly white, upper socioeconomic status 
individuals. The nutritional aspects of the study might 
not be reflected similarly in a different socioeconomic 
class sample. 
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The role of feticide in the management of severe twin 


transfusion syndrome 


Bernd K. Wittmann, M.D., Duncan F. Farquharson, M.D., William D. S. Thomas, M.D., 
Virginia J. Baldwin, M.D., and Louis D. Wadsworth, M.B., Ch.B. 


Vancouver, British Columbia, Canada 


Twin transfusion syndrome is a serious complication of monozygotic twin pregnancy. Diagnostic ultrasound 
now allows early diagnosis of this condition, but therapy has remained more elusive. In this article we 
present a case of severe twin transfusion syndrome diagnosed early in the second trimester. At 25 weeks’ 
gestation, severe hydramnios, premature labor, and growth retardation of the donor twin suggested that 
selective feticide be contemplated to allow continuation of the pregnancy for the remaining twin. This was 
accomplished successfully by an in utero approach with subsequent follow-up and delivery of a healthy 
female infant at 37 weeks’ gestation. Discussion of diagnosis, management, follow-up, and pathologic 


features is provided. (Am J OBSTET GYNECOL 1986;155:1023-6.) 


Key words: Twin transfusion syndrome, feticide, management 


Twin transfusion syndrome is a serious complica- 
tion of monozygotic twin pregnancy resulting from 
transplacental arteriovenous communications. Blood is 
shunted from one twin, the donor, who develops ane- 
mia, growth retardation, and oligohydramnios, to the 
recipient, who becomes plethoric, macrosomic, and 
occasionally hydropic and is surrounded by hydram- 
nios.''? This condition usually develops in the second 
trimester and preterm delivery due to spontaneous la- 
bor, spontaneous rupture of the membranes, or med- 
ical interference for maternal reasons is associated with 
a high perinatal morbidity and mortality rate.** Late 
onset of the syndrome may result in better prognosis 
for the twins, while in extremely severe cases one twin 
may die and the other recover and survive to maturity. 
Although diagnostic ultrasound now allows earlier di- 
agnosis of this condition,” ° other than the management 
of preterm labor with labor-inhibiting drugs, there is 
no treatment available. Benirschke and Driscoll? were 
the first to suggest surgical treatment by ligation of one 
of the umbilical cords in severe cases where poor out- 
come was inevitable. An attempt to perform this pro- 
cedure in 1963 was unsuccessful,” since the placenta 
was anterior. A current literature search has not re- 
vealed any cases of severe twin transfusion syndrome 
that have been successfully managed surgically. 
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In this report we describe a case of severe twin trans- 
fusion syndrome that was treated at 25 weeks by injec- 
tion of saline solution resulting in death of the donor 
twin. 


Case report 


A 30-year-old Caucasian nurse, with group A, Rh- 
positive blood and with one previous term pregnancy, 
presented for prenatal care at 10 weeks’ gestation. Clin- 
ical examination was normal; however, the uterus was 
large for dates and twin pregnancy was confirmed by 
ultrasound examination. Ultrasound was repeated at 
16 weeks and showed normal anatomic details for both 
twins. However, there was a significant discrepancy in 
the size of the biparietal diameter between twin A and 
twin B (Table I). The amount of amniotic fluid was 
normal. A repeat scan 4 weeks later showed a 2-week 
discrepancy in size and mild hydramnios surrounding 
the larger twin A. Three weeks later ultrasound con- 
firmed appropriate growth for twin A who was now 
surrounded by moderately severe hydramnios. Twin B 
had fallen 4 weeks behind in growth and was 19 weeks 
in size. Oligohydramnios was present in the sac of twin 
B. During the next 2 weeks the uterus rapidly enlarged, 
and at 25 weeks’ gestation the symphysis-fundal height 
was 42 cm. The patient was extremely uncomfortable, 
with some respiratory embarrassment. Mild contrac- 
tions were present, the cervix was effaced and 1 cm 
dilated, and the membranes were palpable and tense. 
The patient was admitted for evaluation and manage- 
ment. Ultrasound at this time showed normal growth 
of twin A and severe hydramnios. Twin B had not 
grown in the last 2 weeks, and head and trunk mea- 
surements were still 19 weeks in size (Fig. 1, A and B). 

In view of the rapid increase in hydramnios, the uter- 
ine activity, and the cervical dilatation, it was believed 
unlikely that the pregnancy could be prolonged to any 
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Fig. 1. Twin transfusion syndrome, 25 weeks’ gestation. A, Longitudinal scan; twin A (recipient); 
severe hydramnios. B, Transverse scan; twin B positioned against anterior uterine wall because of 


severe oligohydramnios; twin A surrounded by hydramnios. 


Table I. Fetal biometry 












Biparetal diameter diameter 





Transverse trunk 


Twin B Twin A Twin B 
15 


Weeks’ gestation Twin B 

16 34 30 32 23 
20 48 4] 46 35 
23 57 46 55 4() 
25 (procedure) 64 45 59 4] 
29 Not obtainable _ 83 an 
35 90 —_— 82 — 


significant degree. Since the growth of twin B had ar- 
rested at a nonviable size and since the recipient twin 
had only a small chance of intact survival at 25 weeks’ 
gestation in these circumstances, consideration was 
given to feticide of twin B. 

Because of the severe hydramnios and the uterine 
irritability, hysterotomy was not considered a reason- 
able approach. Injection of toxic substances into the 
umbilical vein was not possible since severe oligohy- 
dramnios together with the small size and hyperflexed 
position of the fetus prevented the recognition of fetal 
detail and the cord insertion. Therefore, a cardiac ap- 


proach was chosen. The risk for twin A of injection of 


toxic materials into twin B or excessive blood loss from 
twin B was uncertain. Thus it was decided to attempt, 
under ultrasound guidance, a pericardial or intramural 
injection of a bolus of normal saline solution with the 
aim of either disrupting the myocardial structure or 
causing pericardial tamponade. This was considered 
relatively safe for the mother and twin A, since twin B 
was positioned closely to the anterolateral wall of the 
upper uterus and trauma to the uterus and the mem- 
branes of twin A was unlikely. 

After detailed discussion involving members of the 






Femur Amniotic fluid 


Twin A Twin B 


20 


Normal 


f Normal 
30 24 


Mild hydramnios Normal 
40 30 Hydramnios Oligohydramnios 
47 36 Severe Oligohydramnios 
hydramnios 
59 — Normal Oligohydramnios 
69 — Mild oligohy- Oligohydramnios 


dramnios 


perinatal team, the obstetrician in charge of the patient, 
and the hospital administration, this approach was 
approved. The situation was then discussed with the 
patient and her husband, a physician. Both had 
been aware of the developing complications and the 
recent rapid deterioration, and consented to the 
procedure. 

Under mild sedation, the patient was placed on the 
ultrasound table in the left lateral position. Real-time 
sector scanning (Siemens Sonoline S/L) was used to 
confirm the presence of normal heart rates of both 
twins. Then with the patient under local anesthesia and 
with ultrasound guidance a No. 17 Tuohy needle was 
advanced into the fetal chest. However, because of ma- 
ternal discomfort and her need to move frequently, the 
difficulty of obtaining adequate contact on the grossly 
distended abdomen, and the poor visualization of fetal 
detail, it required several attempts and two settings 3 
hours apart before outline of the pericardial space by 
a bolus injection of 5 ml of 0.9% saline solution was 
seen. By this stage it was thought likely that consider- 
able damage to the cardiac structure had already been 
caused by the manipulations. Although heart action was 
present at the end of the procedure, cessation of fetal 
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Fig. 2. Twin transfusion syndrome, 27 


heart activity was confirmed 2 hours later by real-time 
ultrasound. 

Within 24 hours, uterine contractions ceased, and the 
patient felt subjective improvement. The fundal height 
started to decrease 48 hours after the procedure, and 
within 2 weeks a decrease in the amount of fluid on 
ultrasound was noted (Fig. 2). Serial ultrasound ex- 
aminations showed normalization of the amount of 
fluid at 29 weeks’ gestation, while normal fetal growth 
was observed. At this time the patient required read- 
mission for preterm labor, which was controlled by bed 
rest and treatment with oral isoxsuprine hydrochloride. 
The patient was discharged at 33 weeks’ gestation and 
readmitted 4 weeks later for induction of labor by ar- 
tificial rupture of the membranes. After a short first 
and second stage, she was delivered of a 2890 gm fe- 
male infant with Apgar scores of 9 at 1 minute and 8 
at 5 minutes. The neonatal course was normal, and the 
child is well 1 year after delivery. Twin B was a 180 gm 
stillborn female, and the placenta required manual re- 
moval with the patient under general anesthesia. The 
patient’s postpartum course was uncomplicated and 
she was discharged home 4 days after delivery in good 
condition. 


Laboratory data 


In view of the presence of the dead fetus in utero, 
detailed serial hematologic studies were performed, in- 
cluding count, prothrombin time, activated partial 
thromboplastin time, fibrinogen, factor VIII, and func- 
tional antithrombin III activity. The results were all 
within the normal range. 


Pathologic features 

At pathologic examination, twin B was a collapsed, 
dry, and compressed fetus papyraceus. The length was 
less than 2 SD below the mean for a monozygous twin 


weeks’ gestation. Longitudinal scan; twin A. 


at 24 weeks, the age at death. The body weight and all 
organ weights were markedly below the expected be- 
cause of tissue loss from autolysis. There were no struc- 
tural malformations in the infant, but there was only 
one umbilical artery in the cord, which had a 6 cm 
velamentous insertion onto its portion of the mono- 
chorial placenta. The septum between the twins was 
confirmed histologically to contain amnion only but vas- 
cular anastomosis could not be confirmed because of 
postmortem regression and sclerosis of the chorionic 
circulation of twin B. 


Comment 


Twin transfusion syndrome continues to have a grim 
prognosis, in spite of all the advances made in peri- 
natology and neonatology. Should spontaneous intra- 
uterine death not occur then preterm delivery of se- 
verely compromised twins is likely. Disruption of the 
circulation of the donor twin is a logical step in severe 
cases. However, this may not be easy to achieve, even 
with sophisticated technologic aids, as shown in our 
case. Hysterotomy is an alternative, but in our case we 
considered that the severe degree of hydramnios and 
existing contractions placed the patient at even greater 
risk of irreversible labor and preterm delivery. Twin B 
was the obvious choice for the procedure, since it had 
not shown any significant growth beyond 19 weeks and 
would have been nonviable if delivery had occurred. 

After the procedure itself it is important to monitor 
the pregnancy, particularly hemostatic parameters. 
Prolonged retention of a dead fetus can cause depletion 
of coagulation factors. This may occur as a gradual 
process over a period of 3 to 4 weeks. Defective he- 
mostasis with depletion of fibrinogen, factor VIII, and 
platelets is seen in approximately one third of patients 
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with a retained dead fetus.” * Therefore, serial coagu- 
lation testing is advised in circumstances such as these. 
In our patient, apart from a minimal reduction in fi- 
brinogen, no significant change in the hematologic pa- 
rameters was detected after the death of twin B. 

In addition, it is important to be aware that the sur- 
viving twin may have lesions related to disseminated 
intravascular coagulopathy because transchorionic 
thromboplastosis has been suggested as one mechanism 
for unusual ischemic damage in surviving monochorial 
twins.” 

Because of the degree of technologic sophistication 
available to us with which to monitor pregnancies, we 
are being faced with situations such as we have de- 
scribed. There are now practical solutions for previ- 
ously hopeless situations, but they create very serious 
ethical choices for the family and health care team. In 
cases such as this, it may appear that selective feticide 
of the more seriously affected twin is the only way that 
at least one survivor is possible. Before proceeding, 
however, careful consideration of the technical options 
as well as the ethical questions is required, and the 
decision must be complemented by thorough and ac- 
curate documentation of the discussions, proceedings, 
and clinical and laboratory follow-up. 
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Benirschke and permission to use information from his 
case, and the assistance of Dr. M. Norman, who per- 
formed the postmortem examination of twin B. 
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Human placental lactogen and unconjugated estriol 
concentrations in twin pregnancy: Monitoring of fetal 
development in intrauterine growth retardation and single 


intrauterine fetal death 


Michael Trapp, Ph.D., Keiichi Kato, M.D., Heinz-G Bohnet, M.D., Ingrid Gerhard, M.D., 


Hans Chr. Weise, M.D., and Freimut Leidenberger, M.D. 


Hamburg and Heidelberg, West Germany 


Human placental lactogen and unconjugated estriol concentrations in maternal serum were evaluated in 
100 uneventful twin pregnancies, and these values were compared with those observed in 16 twin 
pregnancies associated with intrauterine growth retardation or single intrauterine fetal death. In 
pregnancies associated with intrauterine growth retardation (n = 8), human placental lactogen levels were 
at the lower limit of normal range for singleton pregnancies, whereas estriol levels were normal in most 
cases. When one of the fetuses had died before week 33 of pregnancy (n = 5), both human placental 
lactogen and estriol levels were low and they were almost at the levels in singleton pregnancy. When 
intrauterine fetal death occurred after week 36 of pregnancy (n = 3), both hormone levels remained 
normal until term. Thus human placental lactogen rather than estriol is a good indicator of intrauterine 
growth retardation in twin pregnancy. Both human placental lactogen and estriol are useful for the 
monitoring of the surviving fetus in the case of single intrauterine fetal death. (Am J OBSTET GYNECOL 


1986;155:1027-31.) 


Key words: Twin pregnancy, intrauterine growth retardation, fetal death, human placental 


lactogen, estriol 


Levels of human placental lactogen and unconju- 
gated estriol in maternal serum increase with advancing 
pregnancy. Human placental lactogen is produced by 
the syncytiotrophoblast, and estriol is aromatized from 
fetal adrenal androgens. Thus human placental lacto- 
gen and estriol are considered to reflect placental func- 
tion and fetal states, respectively. 

Twin pregnancies are frequently associated with in- 
trauterine fetal growth retardation, and careful mon- 
itoring of fetal development is required. Compared 
with levels in singleton pregnancies, both human pla- 
cental lactogen and estriol levels are elevated in twin 
pregnancies,'’ but the information on normal ranges 
of these hormones is limited and their nomograms are 
based on only a few observations.‘ 

In this study we report on maternal serum human 
placental lactogen and estriol levels in 100 uneventful 
twin pregnancies and those obtained in twin pregnan- 
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cies associated with intrauterine growth retardation or 
single intrauterine fetal death. 


Material and methods 


One hundred sixteen women with twin pregnancies, 
who were referred to the Institute for Hormone and 
Fertility Disorders, Hamburg, and the Department of 
Obstetrics and Gynecology of the University of Hei- 
delberg, between 1981 and 1985, were studied. The 
normal ranges of human placental lactogen and estriol 
levels in twin pregnancies were calculated from 100 
uneventful pregnancies. The age of the subjects ranged 
between 18 and 41 years (29.3 + 4.6, mean + SD). In 
all pregnancies no complications were observed, and 
all women were delivered normally. Blood samples 
were taken every 4 weeks until 28 weeks of pregnancy 
and every 2 weeks, or every week in some cases, there- 
after. 

Eight pregnancies were diagnosed to exhibit intra- 
uterine growth retardation of at least one fetus under 
ultrasound examination by measurements of biparietal 
diameters. Once the diagnosis of intrauterine growth 
retardation was confirmed by repeated examinations, 
human placental lactogen and estriol levels were mea- 
sured every week until term. Parturitions took place 
between 36 and 40 weeks of pregnancy in these women, 
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Fig. 1. Human placental lactogen and estriol levels in 100 
uneventful twin pregnancies. Each bar shows the median and 
the 95% confidence limits (1.96 x SEM). Numbers at the top 
of each bar indicate the number of the subjects examined. 


and the body weights of infants with growth retardation 
ranged between 900 and 2190 gm. 

Single intrauterine fetal death was observed in eight 
women by means of ultrasound examination between 
13 and 40 weeks of pregnancy (Table I). The causes of 
fetal death could not be clarified when it had occurred 
during the first or second trimester. Twisted umbilical 
cord, twin-to-twin transfusion syndrome, strangulation 
by umbilical cord, and underdevelopment of placenta 
were diagnosed as causes of fetal death in other cases 
(Table I). These women were carefully monitored after 
the diagnosis of fetal death by means of maternal clot- 
ting factors including fibrinogen, prothrombin time 
and platelet counts.’ 
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Blood samples were allowed to clot at room temper- 
ature and were centrifuged. Serum was stored at 
—20° C until estimation of hormone concentrations. 
Both human placental lactogen and estriol levels were 
measured by radioimmunoassay with the use of the 
commercial kits supplied by Amersham (Braunschweig, 
West Germany). The lower limits of detectable range 
and interassay variability of each hormone were 0.2 pg/ 
ml and 5.8% (human placental lactogen) and 2.0 ng/ 
ml and 11.9% (estriol). 

Linear regression analysis and the Pearson product 
moment coefficient of correlation were used for statis- 
tical analysis. 


Results 


Normal ranges of maternal serum human placental 
lactogen and estriol levels in 100 uneventful twim preg- 
nancies were determined with 95% confidence limits 
and are shown in Fig. 1. Human placental lactogen 
values revealed a gradual increase during second and 
third trimesters. When compared with singleton preg- 
nancies,’ human placental lactogen in twin pregnancy 
was approximately 60% higher. Estriol was also in- 
creased with advancing pregnancy. This elevation was 
similar to that seen in singleton pregnancy; gradual 
increase until week 33 followed thereafter by a more 
rapid increase. The mean levels of estriol in twin preg- 
nancies were about 40% higher than those seen in sin- 
gletons.° 

The women who had at least one fetus with intra- 
uterine growth retardation showed human placental 
lactogen levels almost at the lower limit of the normal 
range of twin pregnancy (Fig. 2). Increases of human 
placental lactogen during the third trimester, which was 
clearly demonstrated in normal twin pregnancies, was 
not observed in these women. On the other hand, es- 
triol serum levels were normal in most cases, and con- 
secutive subnormal estriol levels were found only in the 
cases of severe intrauterine growth retardation of both 
fetuses (Fig. 2). 

When single intrauterine fetal death occurred before 
week 33 of pregnancy (patients No. | to 5 in Table I 
and Fig. 3, a), both human placental lactogen and estriol 
levels remained low until term. Levels of human pla- 
cental lactogen were more within the range observed 
in singleton pregnancy, but a gradual increase of hu- 
man placental lactogen was obvious in most cases. Con- 
trary to the human placental lactogen levels, increases 
of estriol levels during third trimester were small. The 
women, in whom one fetus died after week 36 (patients 
No. 6 to 8, Fig. 3, b), had both normal human placental 
lactogen and estriol levels before fetal death. Since de- 
livery was induced immediately after fetal death in 
these women, human placental lactogen and estriol fol- 
lowing fetal death were evlauated in one single case 
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Fig. 2. Body weight of infants (left panel) and human placental lactogen and estriol levels (right panel) 
in women with intrauterine growth retardation of at least one fetus. 


Table I. Twin pregnancies with single intrauterine fetal death 

















Week of 
fetal death 


Body weight 
of infant (gm) 






No. Cause of fetal death 





l 13 42 4070 Unknown 

2 19 39 3100 Unknown 

3 20 4] 3800 Unknown 

4 28 38 2820 Unknown 

5 33 36 2415 Twisted umbilical cord 

6 36 36 3400 Twin-to-twin transfusion syndrome 
7 36 37 2360 Strangulation by umbilical cord 

8 40) 40 2880 Underdevelopment of placenta with 


thrombosis and infarction 


only (patient No. 7). The estriol level had decreased and estriol levels in twin pregnancy. In the case of in- 
drastically, whereas the decrease of human placental trauterine growth retardation, human placental lacto- 
lactogen was minimal. gen levels remained low, which may suggest a placental 
When correlations between human placental lacto- cause of fetal growth retardation. On the other hand, 
gen and estriol levels within 2 weeks before delivery estriol serum levels were increased according to the 
were analyzed, a significant correlation was found gestational age in most cases, which may be due to the 
in the patients with single intrauterine fetal death accumulation of estriol derived from two fetuses. This 
(r = 0.8803, p < 0.01), but the women with intrauter- is underlined by consecutive low levels of both human 
ine growth retardation showed no significant results placental lactogen and estriol in a case of severe intra- 
(r = 0.6264). uterine growth retardation of both fetuses. The use- 
fulness of human placental lactogen measurements for 

Comment the detection of intrauterine growth retardation is ob- 
Results of this study indicate the usefulness and lim- vious from this study in twin pregnancy. Intrauterine 


itations of the evaluation of human placental lactogen growth retardation is strongly suspected when no pro- 
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Fig. 3. Human placental lactogen and estriol levels in women with single intrauterine fetal death 
that occurred before 33 weeks of pregnancy (a) and after 36 weeks of pregnancy (b). Dashed lines 
on left panel indicate normal ranges in singleton pregnancy.’ a, A = Patient No. | in Table I; m = No. 
2: @ = No. 3; @ = No. 4; x = No. 5. b, @ = No. 6; © = No. 7; A = No. 8. 


nounced increase in human placental lactogen levels is 
noted, regardless of estriol levels. Human placental lac- 
togen levels should be repeatedly measured for the 
monitoring of fetal development in twin pregnancy as 
in singleton pregnancy.’ Estriol measurement is only 
valid when consecutive subnormal levels are obtained. 

Single intrauterine fetal death is a rare complication 
of twin pregnancy and about 50 cases are found in the 
literature.*’ Fetal death could occur at any gestational 
stage, but the third trimester is most frequent.” For the 
prevention of maternal disseminated intravascular co- 
agulation, repetitive examination of clotting factors is 
required. At the same time, monitoring of the surviving 
fetus by means of serum estriol level has been recom- 
mended.° To our knowledge, there is no report on hu- 
man placental lactogen levels in these rare complica- 
tions. In this study both human placental lactogen and 
estriol levels remained low when one of the fetuses had 
died before week 33 of pregnancy. Human placental 
lactogen levels were more within the normal range of 


singleton pregnancy, while estriol levels were low even 
when compared with those seen in singleton pregnancy. 
This difference could be explained by the fact that 
human placental lactogen is secreted from the placenta, 
and its serum level increases if the placenta continues 
to develop despite fetal death. Estriol is converted from 
the androgens that are secreted from the fetal adrenal 
gland, and its level is considered to reflect the fetal state 
indirectly. A significant correlation between human pla- 
cental lactogen and estriol levels immediately before 
delivery indicates usefulness of estimation of both hor- 
mones for the monitoring of the surviving fetus. Once 
fetal death has occurred during an early stage of preg- 
nancy, normal ranges of human placental lactogen and 
estriol levels in singleton pregnancy rather than those 
in twin pregnancy could be applied. 

Neither human placental lactogen nor estriol levels 
predict intrauterine fetal death when this occurs after 
week 36 of pregnancy. This is not surprising, since cord 
complications are frequently found to be a cause of 
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fetal death in twin pregnancy.° Rapid decrease of estriol 
level, but not human placental lactogen level, in one 
patient after fetal death may indicate the usefulness of 
estriol values for the monitoring of the surviving fetus 
in such a case. 
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Development of uterine artery compliance in pregnancy as 


detected by Doppler ultrasound 


Harold Schulman, M.D., Adiel Fleischer, M.D., George Farmakides, M.D., 
Luis Bracero, M.D., Burton Rochelson, M.D., and Lawrence Grunfeld, M.D. 


Mineola, Stony Brook, and Bronx, New York 


Uterine artery velocimetry was performed by means of a continuous-wave Doppler ultrasound. Serial 
studies were done on 12 nonpregnant and 79 normal pregnant women. Measurements were made on both 
uterine arteries and averaged. From the proliferative phase of the menstrual cycle through 40 weeks of 
pregnancy, four developmental phases are described. These changes are based on the calculation of the 
systolic-diastolic ratio and the disappearance of the early diastolic notch in the velocity wave. The ratio 
after 26 weeks averaged 2 + 0.3. These data provide a foundation for the study of pregnancies in which 
these normal evolutionary changes do not occur. (Am J OBSTET GYNECOL 1986;155:1031-6.) 


Key words: Doppler, uterine artery, pregnancy, compliance, systolic/diastolic ratio 


The development of adequate uterine blood flow is 
believed to be essential for normal fetal growth and 
nutrition and for the avoidance of maternal hyperten- 
sive complications. Until now there was no simple and 
reliable technique for assessing the maternal and fetal 
placental circulation. Doppler ultrasound instrumen- 
tation provides a noninvasive method of studying the 
status of various blood vessels by providing a spectrum 
analysis of the velocities of the moving red blood cells.’ 
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In previous reports we detailed the reliability of um- 
bilical velocimetry for the evaluation of normal growth 
and development of the fetus and the identification of 
intrauterine growth retardation.” * In this report we 
describe our initial findings when velocimetry was per- 
formed on the uterine arteries in normal pregnancy 
and nonpregnant women. 

The changes in the uterine circulation in pregnancy 
can be attributed to a number of factors. The principal 
influencing elements are the effect of the hormones 
estrogen and progesterone, the changes in blood vol- 
ume, intravascular pressure, and the change in pe- 
ripheral resistance created by the development of the 
intervillous spaces. The summation of these changes 
are a reflection of vessel compliance; hence we have 
chosen to describe the changes seen with velocimetry 
as changes in compliance.* 
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Fig. 1. Velocity wave patterns in the parauterine vessels. The 
arcuate vessels have the highest diastolic frequency. Time 
frame of each panel is 1.6 seconds. 


Table I. Uterine artery velocity ratios during 
the menstrual cycle* 


Systolic/diastolic ratios 


Cycle days (mean + SD) 
10-13 (n = 8) 12.9 + 4.4 
23 8.0 + 2.9 
26-29 (n = 8) 12232 

(p = 0.003) 





*Four additional women were studied and excluded because 
of inability to isolate vessel. 


Material and methods 


Studies were done on 12 nonpregnant and 79 preg- 
nant women. Approval for this work was obtained from 
both institutional research review committees. In- 
formed consent was obtained from each woman stud- 
ied. The data obtained were not used for clinical ther- 
apeutic decisions. 

Continuous-wave Doppler studies were carried out 
with a Sonicaid flow probe, which has a calculated 
power density of 6.5 mW/cm’. An analysis of the re- 
turning frequency signal was performed on an An- 
gioscan spectrum analyzer displayed on a screen. Con- 
tinuous recordings were stored on a JVC audio unit. 
The transducer used in these studies was a 4 MHz 
probe that has a beam diameter of 12 mm. 

The majority of these studies were done without real- 
time imaging of the vessels under study. It is our thesis 
that successful examinations can be performed by pat- 
tern recognition. In the early phases of this study con- 
firmation of vessel patterns was obtained by duplex 
imaging or by in vivo measurements obtained by using 
a 10 MHz probe during cesarean section. It became 
clear from experience and team review of the recorded 
tapes that patterns of iliac, uterine, and arcuate vessels 
could be confidently separated. Other vessels encoun- 
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Fig. 2. Uterine artery compliance during the menstrual cycle 
and throughout pregnancy. Means + SD. Circles represent 
measurements through the vaginal fornices and the triangles, 
measurements across the abdomen. Each value represents the 
average between the left and right artery. S/D = Systolic/di- 
astolic. 


tered in the pelvis have patterns that show no diastolic 
frequency and are easily excluded. The range depth of 
the probe of 8 cm excludes the possibility of reaching 
the ovarian or renal arteries. 

Velocimetry studies were done abdominally and vag- 
inally. Initially vaginal studies were done in the belief 
that the proximity to the uterine vessels would allow 
easier and more accurate examinations. We have 
learned that in the early second trimester and onward, 
reliable studies can be obtained abdominally. The preg- 
nant uterine artery can be identified by the presence 
of velocity during diastole. Efforts were made to study 
both uterine arteries and the umbilical artery. Vaginal 
studies were done by inserting the transducer into the 
forefinger of a rubber glove with coupling jelly. The 
glove and transducer were inserted into the vaginal 
fornix with the aid of lubricating jelly and directed 
along the paracervical area. Abdominal studies were 
done by directing the transducer into the parauterine 
area in the region of the lower uterine segment. The 
probe was gently rotated until the appropriate pattern 
was identified. (Recall that the angle of incidence must 
be less than 90 degrees in order to produce a satisfac- 
tory signal.) Examinations were carried out in the dor- 
sal lithotomy position in nonpregnant women or the 
left or right tilt position in pregnant subjects. Wave- 
forms were acceptable for measurement when they 
were dense and of equal amplitude. An effort was made 
to obtain the largest complexes possible. The Angioscan 
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Fig. 3. Uterine artery velocity waves during the menstrual cycle. Note increased diastolic frequency 


return in secretory phase. 








8 WEEKS 


EARLY PREGNANCY 


Fig. 4. Uterine artery velocimetry in first trimester. Note that there is little difference from that seen 


in secretory phase. 


monitoring screen shows a 1.6-second time frame. The 
duration of an individual study was 5 to 15 minutes. 
Successful imaging of the uterine vessels depended on 
the stage of pregnancy. From 14 weeks onward at least 
one vessel could be studied unless there was significant 
obesity. More difficulty was encountered in the first 
trimester, and there was a 10% failure rate. A minimum 
of four waveforms were measured on each side, and 
the values were averaged. The mean intraobserver and 
interobserver error between examinations was found 
to be 4% with a standard deviation of 2.3%. In the 
studies on the nonpregnant vessels, one third were con- 
sidered unsatisfactory. 

Calculations were made by measuring the systolic/ 
diastolic ratio. This computation circumvents the prob- 
lem of not knowing the angle of insonation. When ap- 
propriate, significant differences were calculated by es- 
timating multiples of standard deviations and by the 
Student ¢ test. 


Results 


A continuous-wave Doppler system provided a spec- 
trum analysis of all vessels that were crossed. Three 
characteristic vessels were seen in the parauterine area 
(Fig. 1). Those immediately adjacent to the uterus 
showed the lowest ratios and were believed to be the 
arcuates and the distal uterine branches. The proximal 


VAGINAL ABDOMINAL 


RT 





LT 





S/D = 2.9 


Fig. 5. Abdominal versus vaginal measurements. The placen- 
tal blood supply is predominantly on the left; thus the ratios 
are lower and the notching has disappeared. Note closeness 
of the ratios. Pregnancy of 24 weeks. S/D = Systolic/diastolic. 
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Table II. Uterine artery systolic/diastolic ratios weeks of gestation 


Weeks of gestation 


ER ANT Rs A 
Mean Mean Mean Mean 
Study +SD + SD +SD +SD | n 
— — — 2.4 1.8 


Mean Mean Mean Mean 
+SD +SD +SD +SD | n 
Abdominal — 6 7 1.9 7 2.3 6 2.5 8 e MEE 
+0.1 +0.6 +0.6 +(0).2 +0.6 +0.4 
Vaginal 96 3 83 4 4.1* 4 ae: 3 3.8 6 3 12 ty A y r ady AE 
+3 +4 +0.95 +13 +0.95 +0.9 + 1.5 





*p < 0.05 from 10 weeks. 
tp < 0.01 from 14 weeks. 


uterine branch seemed to have a higher systolic com- 
ponent, and this vessel was commonly seen during the 
vaginal studies. The external iliac is a characteristic 
high-resistance artery with no end-diastolic velocity and 
a prominent notch. On occasion a pelvic vein was also 
seen. 

Table I provides data on systolic/diastolic ratios in 
eight nonpregnant women. An additional four women 
in whom studies were attempted were considered un- 
satisfactory subjects because of the inability to obtain 
satisfactory scans. Vessel recognition is dependent on 
the identification of diastolic velocity. In these four 
women a diastolic component was not consistently pres- 
ent until the end of the secretory phase. This may in- 
dicate a deficiency of the methodology or that these 
women had a higher uterine artery resistance than the 
others. All 12 women were nulliparous. Ovulation was 
confirmed by plasma progesterone levels. The data are 
presented to demonstrate apparent trends but should 
be viewed with caution. It appears that during the pro- 
liferative phase the vessel remains in a state of high 
resistance, but the ratio declines in the secretory phase 
when there is a diastolic velocity. The ratios in the end- 
secretory phase were significantly lower than those seen 
in the late proliferative phase. 

Table II summarizes the measurements in the preg- 
nant populations. All women in these studies had a 
normal pregnancy outcome. The upper part of the 
table represents the studies made across the abdomen; 
the lower part depicts those made through the vaginal 
fornices. The values represent the average of both the 
right and the left uterine artery. The studies done vag- 
inally had higher mean values in gestations at <28 
weeks. 

Fig. 2 graphically depicts the evolution of the systolic/ 
diastolic ratio from the menstrual cycle through term 
pregnancy. The proliferative phase systolic/diastolic ra- 
tio was 12.9 + 4.4 (SD) and was significantly different 
from the end-secretory phase measurements. No 
changes were seen in the first trimester. Early in the 
second trimester, the ratio rapidly declined to a level 


of <3, which is significantly different from the secre- 
tory first-trimester level of 8.3, p < 0.01. At 26 weeks, 
the vaginal and uterine studies were equal. The large 
standard deviation seen in the vaginal uterine artery 
studies before 30 weeks represents the discrepancies 
between the two arteries. It was not unusual før one 
artery to have a significantly lower ratio in the mid- 
trimester. Presumably this represents a manifestation 
of one artery providing the predominant supply to the 
placenta. We have not been able to correlate this with 
placental site since such differences are seen in placen- 
tas implanted anteriorly, posteriorly, or fundally. There 
also appeared to be delayed artery compliance in some 
women (Figs. 3 to 5). 


Comment 


Uterine artery velocimetry appears to be able to iden- 
tify whether a normal or abnormal circulation to the 
uterus is developing. When studies are extended 
through the menstrual cycle and throughout preg- 
nancy, four distinctive phases can be identified. 

During the proliferative phase of the menstrual cycle 
the parauterine vessels appear similar to other arteries 
in the body; that is, there is a prominent notch and 
little or no end-diastolic velocity. 

Near the end of the secretory phase, vessel compli- 
ance changes begin and an end-diastolic component is 
usually present, yielding a systolic/diastolic ratio of ap- 
proximately 8. Inasmuch as the end-diastolic compo- 
nent is a reflection of resistance distal to the point of 
measurement, it can be hypothesized that there is a 
dilatation and uncoiling of the spiral arteries amd cap- 
illaries as is seen in a late secretory endometrium. When 
normal pregnancy occurs there are no changes seen 
during the first 10 weeks. There is persistent diastolic 
velocity and the ratio remains approximately 8. 

At the beginning of the second trimester there are 
dramatic changes. These are characterized by a sharp 
decrease in the ratio to a range of 3 to 2.6. At this point 
in gestation there are also differences when measure- 
ments are done abdominally versus vaginally. The ah- 
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Weeks of gestation 





dominal measurements are primarily those of the ar- 
cuate branches of the uterine artery whereas the vaginal 
studies are more likely coming from the proximal por- 
tion of the vessel. Thus the decrease in resistance as 
reflected in the velocity waveform is first seen in the 
arcuate vessels. The proximal uterine artery would rep- 
resent the summation of all the distal branches and 
would be expected to be higher until the placental cir- 
culation is fully established. An important concomitant 
change that occurs during this phase is the disappear- 
ance of the early diastolic notch. 

These findings complement the studies of Brosens? 
and DeWolf et al.,° who described the morphologic 
changes of the spiral arteries in the placental bed. In 
their studies they described a sequence of structural 
changes in the spiral arteries beginning in the decidua 
and followed by those in the myometrial portion of the 
vessels. These alterations in the spiral arteries result in 
“conversion of small muscular arteries to dilated, tor- 
tuous vessels whose walls are composed of a mixture 
of fibrinoid, hyalin, and fibrous tissue, with remnants 
of smooth muscle and elastic tissue.” We interpret the 
changes in the early second trimester as reflecting those 
that occur in the myometrial segments of the vessel. 

From 20 to 26 weeks the diastolic notch should com- 
pletely disappear. One exception is when one uterine 
artery seems to be providing the bulk of the blood 
supply to the placenta. We do not have sufficient data 
to analyze the consequences of delayed compliance in 
one vessel. 

Fig. 6 provides an example of a woman in whom 
normal uterine artery compliance failed to develop in 
both vessels.’ 

The appearance of the uterine velocity waveform is 
quite instructive. A vessel of this caliber would not be 
expected to be able to constrict when cut, thus provid- 
ing visual evidence of the potential of a uterine artery 
hemorrhage and the importance of the myometrium 
in controlling postpartum bleeding. 

Campbell et al.* measured uteroplacental blood flow 
by using a pulsed Doppler technique. These studies 
were done after the thirty-fifth week with the aid of 
linear-array ultrasound to direct the Doppler signal. In 


addition they used a more complex calculation, which 
they called the “frequency index profile.” In this mea- 
surement the entire velocity waveform is plotted as a 
percentage of the mean frequency. In a group of 
women with abnormal pregnancies, the waveform 
showed a persistent diastolic notch and a reduced end- 
diastolic velocity.* Their waveforms appear comparable 
to ours and the ratios should be similar. 

Trudinger et al.’ calculated systolic/diastolic ratios of 
the uterine artery waveform. From 28 to 42 weeks the 
mean value ranged from 1.6 to 1.4. Their 95% value 
was reported to be 1.8, perhaps because they measured 
subplacental vessels only. They suggested that elevated 
ratios were associated with abnormal umbilical artery 
waveforms, growth retardation, and hypertension. 

Velocity is a component of volume flow but the two 
are not synonymous. Velocity can be altered by the 
impedance and area of the vascular bed, but volume 
flow may be unchanged because of compensation in 
intra-vascular pressure or redistribution of the blood. 
Sequential studies on uterine blood flow in the human 
are not possible at present, but a number of such studies 
have been performed in sheep. Greiss” found a dra- 
matic change in absolute flow beginning on approxi- 
mately the forty-fifth day of ovine gestation. This is the 
onset of the second trimester in sheep. The velocity 
wave data portrayed in this study demonstrate that dra- 
matic changes in compliance also appear in the early 
second trimester in women. 

Our velocity flow data show a change in the late se- 
cretory phase of the menstrual cycle and little change 
until the second trimester. Volume flow studies in the 
sheep have suggested quite different patterns, such as 
increased flow during estrus and variable uterine blood 
flow during the period of embryogenesis. Our data 
represent an initial effort to outline velocity changes 
during the menstrual cycle. The variations encountered 
indicated that more refined methodology will be nec- 
essary to clarify these changes. 

The essence of the capacity of a pregnancy to develop 
normally is that there be adequate nutrients and oxy- 
gen. The principal vehicles are the supply lines, the 
uterine and umbilical arteries. In previous reports it 
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Fig. 6. Failure of compliance to develop. The lower right is the 
umbilical artery velocity waveform. This woman had hyper- 
tension, superimposed preeclampsia, and fetal growth retar- 
dation. §/D = Systolic/diastolic. 


was shown that the normal and abnormal umbilical 
arterial circulation can be identified with a high degree 
of reliability. The studies of the uterine arteries provide 
the second part of the equation. This new technology 
reveals by the twenty-fourth week of pregnancy 
whether adequate placentation has occurred. Hence 
the combined study of the uterine and umbilical artery 
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velocity waveforms adds additional support to our un- 
derstanding of placentation and provides a foundation 
for our understanding of the pathophysiology of var- 
ious disorders in pregnancy. 
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Plasma prostaglandin metabolite levels after use of 
prostaglandin E, gel for cervical ripening 


William F. O’Brien, M.D., Robert A. Knuppel, M.D., M.P.H., and Gary R. Cohen, M.D. 


Tampa, Florida 


An ideal agent for cervical ripening should produce an increase in cervical scores without stimulating 
myometrial contractions. Currently used methods of preinduction ripening with prostaglandin E, are 
frequently associated with contractions, limiting their use in high-risk patients. To discriminate between a 
direct effect of absorbed prostaglandin E, and a triggering of the intrinsic mechanisms of labor, we 
measured circulating levels of stable metabolites of prostaglandin E, and prostaglandin F,. Prostaglandin 
E, gel insertion followed by a rise in prostaglandin E, metabolite but not prostaglandin F,,, metabolite 
implies that contractions are secondary to absorbed prostaglandin E,. (Am J OBSTET GYNECOL 


1986;155:1037-40.) 
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Recently a great deal of interest has arisen in the use 
of prostaglandin E, before induction of labor in women 
with low cervical scores.'* Clinical trials have demon- 
strated that uterine contractions are a frequent side 
effect with prostaglandin E, preparations. The source 
of this uterine activity is currently unknown. Since pros- 
taglandin E, is a potent oxytocic, absorption of pros- 
taglandin E, may be directly responsible for subsequent 
contraction. Alternatively, induction of labor via stim- 
ulation of the endogenous mechanisms of labor may 
be responsible. 

The present study was designed to distinguish be- 
tween these alternatives by the simultaneous measure- 
ment of both prostaglandin E, and prostaglandin F,, 
metabolites in maternal plasma at the time of maximal 
uterine activity after the vaginal application of pros- 
taglandin E, gel. 


Material and methods 


The subjects for this study were taken from a group 
of high-risk women undergoing indicated induction of 
labor. All women had a Bishop cervical score of <5 and 
had given written informed consent as approved by the 
investigational review board of the University of South 
Florida. 

All subjects received 2 mg of prostaglandin E, ac- 
cording to our previously described protocol.’ Gel 
preparation was accomplished by grinding a 20 mg 
prostaglandin E, suppository and mixing it into hy- 
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droxyethyl cellulose gel to a volume of 20 ml. The gel 
was freshly prepared before application and used 
within 15 minutes of preparation. The gel was aspirated 
into a 10 cm segment of an Fr 16 catheter attached to 
a syringe, and 2 ml was applied to the portio vaginalis 
of the cervix. Care was taken to avoid cervical manip- 
ulation at the time of gel insertion. 

To determine the proper frequency and duration of 
sampling, the interval between gel insertion and oxy- 
tocin infusion (12 hours) was subjected to examination 
in 40 subjects. 

The chronology of uterine contractile activity follow- 
ing the insertion of prostaglandin Fə» gel was deter- 
mined by clinical and electronic labor monitoring. 
Throughout this period women were continuously 
monitored, and the presence or absence of contractions 
was recorded. 

Peripheral venous amples were collected before (time 
0) and at 30, 60, 120, and 180 minutes after gel inser- 
tion. Samples were collected into chilled, heparinized 
tubes containing indomethacin to yield a final concen- 
tration of 10 ug/ml. 

Samples were centrifuged immediately after collec- 
tion and the plasma was stored at — 70° C until assay. 
All assays were performed within 30 days of collection. 

Samples were also obtained from five women during 
the active phase of spontaneous labor (cervical dilation 
5 to 8 cm) for comparison. 

Concentrations of prostaglandin E, metabolites were 
estimated by the measurement of bicyloprostaglandin 
E». Assays were performed according to the methods 
of Bothwell et al.” and Demers et al.° with the conver- 
sion of unstable prostaglandin E, metabolities to bicy- 
cloprostaglandin E, by incubation of samples for 24 
hours at pH 10.5 and 37° C. 

After neutralization, radioimmunoassay was per- 
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Fig. 1. Subjects demonstrating uterine activity after vaginal insertion of prostaglandin Ey gel. 


formed with the use of matched components (NEK- 
032, New England Nuclear, 549 Albany Street, Boston, 
Massachusetts). 

Concentrations of prostaglandin F metabolites were 
estimated by the measurement of 13,14-dihydro-15- 
keto prostaglandin F;,,. Plasma samples and standards 
were extracted on octadecylsilyl columns according to 
the method of Powell. Fractions containing the metab- 
olites were eluted with methyl formate, evaporated un- 
der a stream of nitrogen, and reconstituted in ethanol. 


Radioimunoassay was then performed with the use of 


a commercially available kit (SG 6006, Seragen, Inc., 
54 Clayton Street, Boston, Massachusetts) with results 
corrected for extraction losses. To reduce the variation 
resulting from assay conditions, all samples obtained 
from a subject were assayed in the same run and blanks 
were not subtracted from results. 

For both assays, separation of free and bound tracer 
was accomplished by charcoal-dextran and unknowns 
were determined by logit-log transformation. Un- 
knowns were assayed in duplicate and standards in tri- 
plicate. For determination of prostaglandin E metab- 
olites the intra-assay coefficient of variation was 5.0% 
and the interassay coefficient of variation was 12.8%. 
For determination of prostaglandin F metabolites the 
intra-assay coefficient of variation was 3.6% and the 
interassay coefficient of variation was 8.7%. All results 
were expressed as picograms per milliliter of plasma. 
Changes in prostaglandin metabolite levels observed 
after gel insertion were evaluated by analysis of vari- 
ance with differences in means by Duncan’s multiple 


range test according to the procedures used by the 
Statistical Analysis System General Linear Models 
program. Comparisons between study subjects and 
laboring patients were made by Student’s unpaired 
t test. Differences below p = 0.05 were considered 
significant. 


Results 


Forty patients were monitored for uterine activity 
after administration and prostaglandin E», 38 of whom 
had complete records satisfactory for study. The per- 
centage of patients experiencing uterine contractions 
during the 12 hours after gel insertion may be seen in 
Fig. 1. 

Almost one half of the women had contractions re- 
corded by 30 minutes after gel insertion and approx- 
imately two thirds by 2 hours after insertion. After this 
time there was a slow decline in the proportion of 
women having contractions until a relatively stable level 
of 35% to 40% was reached after 6 hours. Four of the 
40 subjects (10%) entered labor during the 12-hour 
observation period. 

Since the highest incidence of uterine contractions 
occurred during the first 2 hours following gel inser- 
tion, venous samples were then obtained in 15 subjects 
before and after gel insertion. All samples were avail- 
able for analysis in 13 of these women. Ten women in 
this group (77%) experienced contractions during the 
study period. 

Peripheral venous concentrations of prostaglandin F 
metabolite noted before and after gel insertion may be 
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seen in Table I. No difference in prostaglandin F me- 
tabolite concentration was noted during the time of the 
study or between women with or without contractions. 
Although there appeared to be a rise in prostaglandin 
F metabolite levels in the group not experiencing con- 
tractions, this trend was not significant. The concen- 
tration of prostaglandin F metabolites at all times was 
significantly lower than those noted in women during 
the active phase of labor (466 + 78 pg/ml). 

Peripheral venous levels of prostaglandin F metab- 
olites are shown in Table II. In both groups there was 
a significant rise in the level of prostaglandin F metab- 
olites following gel insertion. The increase appeared to 
be more rapid in the group experiencing contractions, 
but this trend did not reach statistical significance. The 
concentrations of prostaglandin F metabolite in sam- 
ples from women in the active phase of labor (126 + 8 
pg/ml) were similar to those obtained in the study pop- 
ulation at time 0 but were lower than all levels noted 
after gel insertion in the group with contractions and 
for times 60 through 180 minutes in the women without 
contractions. 


Comment 


The uterine stimulatory activity of prostaglandin E, 
is well known and both intravenous’ and oral’ prepa- 
rations have been demonstrated to be effective in the 
induction of labor. In some studies the use of prosta- 
glandin E, appeared to be more effective than oxytocin 
alone in women with low cervical scores.’ These data 
along with the recognition that local application of pros- 
taglandin E, lead to increased cervical compliance in 
both experimental animals" and human cervical tissue 
obtained after delivery'' has led to the widespread use 
of local application of prostaglandin E, before induc- 
tion of labor in women with low cervical scores. Al- 
though almost all studies have demonstrated that such 
applications are associated with an increase in the cer- 
vical score, the specificity of this local prostaglandin E, 
remains unclear, since a significant proportion of the 
patients treated with prostaglandin E, report uterine 
contractions and up to two thirds enter labor after ap- 
plication.** 

Since uterine contractility during the preinduction 
period is often an undesirable side effect, the source 
of myometrial stimulation is of considerable impor- 
tance. If contractions are secondary to absorption of 
prostaglandin E,, modifications designed to limit quan- 
tity or systemic absorption may reduce the incidence of 
contractions. However, if the rapid cervical changes 
associated with prostaglandin E, trigger the mecha- 
nisms of labor, then alterations in delivery methods 
would probably be futile. 

Until recently the measurement of prostaglandin E, 


Prostaglandin levels after use of PGE, 1039 


Table I. Peripheral venous levels of 
prostaglandin F metabolite after vaginal 
insertion of 2 mg of prostaglandin E, gel 
(picograms per milliliter, mean + SEM) 


Time Contractions No contractions 
(hr) (n = 10) (n = 3) 
0 124 +2 107 + 8 
30 124 + 13 134 + 18 
60 124 + 14 126 + 3 
120 126 + 12 150 + 17 
180 131 + 10 162 + 22 


Table II. Peripheral venous levels of 
prostaglandin E metabolite after vaginal 
insertion of 2 mg of prostaglandin E, gel 
(picograms per milliliter, mean + SEM) 


Time Contractions No contractions 
(hr) (n = 10) (n = 3) 


0 97 + 18 80 + 34 
30 239 = 58* 123 + 41 
60 271 + 36* 198 + 35* 
120 350 = 35* 305 + 51* 
180 322 + 47* 301 + 39* 





*Difference from time 0, p < 0.05, Duncan’s multiple range 
test. 


in plasma has been hampered by its rapid and complex 
metabolism.'* Many of these difficulties can be circum- 
vented, however, by the determination of a stable deg- 
radation product, bicycloprostaglandin E.® '° 

Unlike prostaglandin F metabolite, maternal plasma 
levels of prostaglandin F metabolites have been re- 
ported to remain unchanged during the course of la- 
bor.'* The determination of maternal plasma concen- 
trations of these metabolites after the application of 
prostaglandin E, gel therefore allows the assignment 
of myometrial activity to either systemic absorption of 
prostaglandin E, or the induction of the normal mech- 
anisms of labor. 

The highest percentage of patients experiencing 
uterine contractions occurred between | and 2 hours 
after gel insertion. During this interval the concentra- 
tions of prostaglandin F metabolites had risen to over 
three times basal levels, but the concentrations of pros- 
taglandin F metabolites had not changed. These results 
imply that the major source of uterine activity after 
prostaglandin E, gel is systemically absorbed prosta- 
glandin E, rather than stimulation of the endogenous 
mechanisms of labor. 

Since sampling was done for only 3 hours after gel 
insertion and approximately one third of patients ex- 
perienced contractions until the time of oxytocin in- 
fusion, 12 hours later it is probable that in some patients 
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endogenous sources of uterine stimulation replaced ab- 
sorbed prostaglandin E in the maintenance of contrac- 
tions. Fuchs et al.'* noted significant increases in pe- 
ripheral concentrations of prostaglandin F metabolites 


between 2 and 8 hours after extraovular insertion of 


prostaglandin E, gel but not after endocervical injec- 
tion. As in our patients, however, uterine activity was 
most common in the first 2 hours after insertion. 

The use of prostaglandin F metabolites as a measure 
of the release of prostaglandin E into the circulation is 
relatively recent and there is considerable variation in 
reported levels for late pregnancy. Our mean level in 
women before gel insertion (97 + 18 pg/ml) is lower 
than that reported by Bennecke et al'* (approx 190 pg/ 
ml) but higher than these reported by Husslein et al.” 
(approximately 25 pg/ml). This variation is similar to 
that seen between laboratories measuring other eico- 
sanoids and underscores the importance of serial mea- 
surements with the use of the same methodology rather 
than reliance on results reported from other labora- 
tories. Our results do, however, confirm the observa- 
tions of Bennecke et al. that circulating levels of pros- 
taglandin F metabolite do not change during the course 
of labor. 

The demonstration that uterine activity is associated 
with systemic absorption of prostaglandin E rather than 
stimulation of local prostaglandin production coupled 
with the observation of Goeschen et al.'° that the cer- 
vical ripening effect is independent of myometrial ac- 
tivity allows hope that the desirable and undesirable 
effects of prostaglandin E, may be separated by changes 
in formulation or application regimen. 

In summary we measured circulating levels of pros- 
taglandin F metabolite and prostaglandin F metabolite 
after the vaginal application of prostaglandin E, gel in 
women with low cervical scores before the induction of 
labor. Myometrial activity was most prominent in the 
first 2 hours after insertion and was associated with a 
rise in levels of prostaglandin F metabolite but not pros- 
taglandin F metabolite. These data indicate that the 
primary mechanism of uterine contractions after local 
application of prostaglandin E, is systemic absorption 
and that alterations in the mode of delivery of pros- 
taglandin E, may reduce the incidence of this side 
effect. 
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Clinical application of the perineal scan: Prepartum screening 


for cord presentation 


H. Sakamoto, M.D., K. Takagi, M.D., N. Masaoka, M.D., S. Kawai, M.D., S. lizuka, M.D., 


A. Ohya, M.D., and S. Takagi, M.D. 
Tokyo, Japan 


Real-time linear-array ultrasonographic scanning was performed from the perineum on 12 primiparous 
term women with the fetus in breech or foot presentation. Scanning was done with the patient initially in 
lithotomy position and then in semi-Trendelenburg position if a better view was required. The technique 
appears to be excellent for visualization of the forelaying umbilical cord even when the cervix is closed and 
is not affected by the acoustic shadow of the pubic arch. The information obtained by the scanning may be 
of value in avoiding or improving perinatal mobility of breech/footling fetuses and in providing better 


perinatal management. (Am J OssTeT GYNECOL 1986;155:1041-3.) 


Key words: Perineal scan, cord presentation 


Antepartum diagnosis of cord presentation is made 
when the umbilical cord is palpated at a pelvic digital 
examination. The value of a pelvic examination there- 
fore is greatly reduced when the cervix is poorly rip- 
ened. An ultrasonographic diagnosis of cord presen- 
tation has been made during labor,' yet no procedure 
for the screening has been available. In the present 
study we tested the diagnostic potential of an ultrason- 
ographic scanning from the perineum for a screening 
of the forelaying cord. 


Material and methods 


Ultrasonographic equipment. A Hitachi real-time 
linear-array scanner EUB-340 equipped with a digital 
scan converter and a convex or linear-array probe EZU- 
PC] (3.5 MHz) was used. 

Patients and procedure. Twelve patients with a 
breech or footling singleton fetus and no other obstetric 
complication presenting at our prenatal clinic (Hiroo 
General Hospital) were studied. The gestational ages 
ranged from 36.5 to 41.5 weeks, and the mean maternal 
age was 26 + 4 years. All patients were completely in- 
formed about the procedure before the pelvic exami- 
nation. The patient was placed in the lithotomy posi- 
tion, a probe covered with a sterile latex surgical glove 
and sterile gel was placed on the perineum, and a per- 
ineal scan was performed without full bladder. There- 
after digital examination was performed to confirm the 
findings, that is, presenting part, cervical effacement, 
and dilatation, obtained by the scan. 
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Results 


Initially a scanning range of the perineal scan and 
its applicability to obstetric practice were evaluated. As 
is schematically depicted in Fig. 1, A and B, a scanning 
from the perineal region includes the vagina, cervix, 
and lower segment of the uterus in its scanning range 
while the usual scanning from suprapubic region (ab- 
dominal scan) covers the lower segment of the uterus 
and the cervix. The major advantage of the perineal 
scan appears to be that the ultrasonic beam plane 
reaches directly to the presenting part, cervix, or vagina 
without being obliterated by the pubic arch, as is some- 
times the case in an abdominal scan (Fig. 1, C). We 
found that a full bladder was not necessary but instead 
made visualization worse because the fetal presenting 
part and the lower uterine segment were displaced su- 
periorly. 

An example of a perineal scan made for a normal 
vertex presentation is shown in Fig. 2. In this case the 
postscanning pelvic examination showed a noneffaced, 
nondilated cervix. In the scan the cervical canal was 
visualized clearly because of the low-acoustic density of 
the endocervical mucosae. Line C in Fig. 2 was drawn 
at the lower edge of the pubic arch perpendicular to 
the long axis of the cross-section of the pubic symphysis 
and runs parallel with the plane of the pelvic inlet. 
Therefore it is possible to diagnose ultrasonographi- 
cally, that is, without a pelvic examination, the fetal 
head engagement when the fetal bipariatal plane had 
passed this line (manuscript in preparation). 

Two typical scannings of breech/footling presenta- 
tion are shown in Fig. 3. In the first scan a fetal breech 
presentation and a cross-section of a limb at term are 
visualized with the pubic symphysis. A small amount of 
amniotic fluid is seen at the internal cervical os, (indi- 
cated by asterisk) which has a funnel-like shape. The 
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Fig. 2. Perineal scan of a vertex presentation is shown. SP, 
Pubic symphysis; BLD, bladder; VGN, vagina; CRX, cervix; 
FH, fetal head. White arrow (C) indicates internal cervical os. 
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Fig. 1. Schematic representation of perineal (A,B) and abdom- 
inal (C) scanning is shown. When a convexed probe is used, 
the ultrasonic beam fans out and includes the vagina, cervix, 
or lower segment of the uterus and the presenting part, none 
of which are in the acoustic shadow (shaded area). These targets 
are seen on a monitor screen, as shown in B. In the abdominal 
scan (C) the presenting part is visualized, but the cervix or 
vagina may be located below the pubic bone (p) and in its 
shadow. 


cervix is located far posterior, and no dilatation is seen. 
On the other hand, in the second scan the two cross- 
sections of the umbilical cord are seen in front of the 
fetal breech close to the internal cervical os, and cord 
presentation was diagnosed. Since this patient was not 
in labor, the case was followed in our outpatient clinic 
and serially monitored by a perineal scan. The cord 
was spontaneously reduced and a viable female infant 





with full Apgar score was delivered vaginally by a par- 
tial breech extraction. 

Fig. 3. Footling presentation is shown in scan 7, and breech 
procu with forelaying umbilical cord is shown in 
4 : , ty scan 2. P, Pubic symphysis; br, fetal breech; /, limb; uc, um- 
The perineal scan is suitable in visualizing the pre- a cord. Asterisk indicates location of the internal ceryi- 


senting part and the cervix. This is especially advan- cal os. 


Comment 
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tageous for the prepartum screening for cord presen- 
tation in the breech or footling fetus, which seems to 
provide better information and management. Since the 
perineal scan also provides information regarding cer- 
vical dilatation and effacement without entering the 
vaginal space, it may be useful in monitoring the prog- 
ress of labor in such cases as premature rupture of 


Antepartum diagnosis of cord presentation 


membrane when frequent digital examination in- 
creases risk of a retrograde intrauterine infection. 
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The relationship between trypsin activity in amniotic fluid and 


premature rupture of membranes 


Naohiro Kanayama, M.D., Hiroko Kamijo, M.D., Toshihiko Terao, M.D., 


Kentaro Horiuchi, Ph.D., and Daisaburo Fujimoto, Ph.D. 


Hamamatsu, Japan 


Trypsin activity and concentration of «,-antitrypsin in amniotic fluid were measured in patients with and 
without premature rupture of membranes. Trypsin activity in amniotic fluid with premature rupture of 
membranes (127 + 57 U/L) was found to be significantly higher than in cases without premature rupture 
of membranes (14 + 20 U/L) (p < 0.01). The concentration of a,-antitrypsin in amniotic fluid with 
premature rupture of membranes (6.8 + 5.5 mg/dl) was significantly lower than in cases without 
premature rupture (25.2 + 20.2 mg/dl) (p < 0.01). Trypsin activity and concentration of a,-antitrypsin in 
amniotic fluid were not influenced by rupture of membranes and labor. These studies suggest that high 
trypsin activity and low concentration of «,-antitrypsin in amniotic fluid is one cause of premature rupture of 


membranes. (Am J OsBsTET GYNECOL 1986;155:1043-8.) 


Key words: Trypsin activity, a,-antitrypsin, premature rupture of membranes 


There have been many reports strongly attributing 
the cause of premature rupture of membranes to vag- 
inal flora and latent chorioamnionitis." * We have re- 
cently clarified the theory that the content of type III 
collagen in amnion was reduced in preterm cases of 
premature rupture of membranes.* Enzymes in human 
tissue that preferentially degrade type III collagen are 
trypsin and neutrophil elastase. It is known that trypsin 
exists in amniotic fluid,’ and its proteolytic activity is 
very strong. The assumption was made that trypsin in 
amniotic fluid was a cause of premature rupture of 
membranes as well as chorioamnionitis. On the other 
hand, «,-antitrypsin is the main antitryptic factor in 
amniotic fluid.’ Thus trypsin activity and the concen- 
tration of a,-antitrypsin were determined in the am- 
niotic fluid from the cases with and without premature 
rupture of membranes. 
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Histologic studies for amnions and chorions were 
also investigated in each case. 


Material and methods 


Twenty-one cases of preterm premature rupture of 
membranes and 16 control cases without preterm pre- 
mature rupture of membranes were analyzed. There 
were no medical or obstetric complications in the 37 
cases. Premature rupture of membranes was defined 
as the rupture of the amniochorion accompanied by 
the loss of amniotic fluid at least 1 hour before onset 
of labor. In cases of premature rupture of membranes, 
the amniotic fluids, excluding blood, were collected 
within 3 hours of rupture by means of an intrauterine 
catheter (Toitu MT-260UI) or amniocentesis. Mean 
collection time of amniotic fluids was 1.8 hours after 
rupture of the membranes. In cases without premature 
rupture of membranes the samples were collected at 
the time of amniostomy or amniocentesis. In five cases 
of premature rupture of membranes and four without 
premature rupture, amniotic fluids were collected until 
delivery every few hours with use of an intrauterine 
catheter. Samples were centrifuged at 3000 ppm x 15 
minutes, and the supernatants were stored at — 80° C 
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Table I. Characteristics of cases with and without premature rupture of membranes 






Premature rupture 
of membranes 
(n = 21) 


No premature rupture 
of membranes 
(n = 16) 













Significance 


Maternal age (yr) 26.3 + 5.4 27.8 + 8.3 

Range 18-37 19-36 NS 
Parity (n) 122 16 lêt Lil 

Range 0-4 0-4 NS 
Week of gestation at delivery S1.1 £24 33.0. + 3.9 

Range 27-36 27-36 NS 
Mean length of time from rupture of iy a 0 

membranes to collection of amni- 

otic fluid (hr) 
Collection method (n) 

Intrauterine catheter 6 

Amniocentisis 10 


Table II. Trypsin activity and @,-antitrypsin concentration in cases with and without premature rupture of 


membranes 


Premature rupture No premature rupture 
of membranes of membranes 


127 = 57 
6.8 + 5.5 


Trypsin activity (U/L) 
a,-Antitrypsin (mg/dl) 


until they were analyzed. Chorioamniotic membranes 
that had been collected within 24 hours after the rup- 
ture of membranes were analyzed. The characteristics 
of each case are shown in Table I. No significant dif- 
ferences were noted in maternal age, parity, delivery 
time, and gestational age. 

Determination of trypsin activity in amniotic fluid. 
First, 0.1 ml of the sample was added to 0.8 ml of the 
buffer (0.05 mol/L of Tris, 0.02 mol/L of calcium chlo- 
ride, pH 8.2) in a cuvette at 37° C for 1 to 2 minutes. 
Then 0.1 ml of the substrate solution was added. The 
substrate solution was prepared as follows: 25 mg of 
N-benzyl-L-isoleucyl-L-glutamyl]-glycyl-L-arginine-p-ni- 
troanilide (KabiVitrum Co., Sweden) was dissolved in 
34 ml of distilled water. The change in absorbance (AA/ 
min) at 405 nm was measured in a Union Giken High- 
Sens spectrophotometer with thermospacers (37° C). 
Trypsin activity was calculated with use of the following 
formula: U/L = AA/min Xx 1042 x 10. These anal- 
yses were carried out in duplicate. 

Determination of «,-antitrypsin. The concentration 
of a,-antitrypsin was measured by radial immunodif- 
fusion in agar, with use of commercially available Par- 
tigen plates (Behringwerke, Marburg, West Germany).° 
The concentrations corresponding to the precipitate 
ring diameters measured were read from the table of 
calibration values appended. The accuracy of these re- 
sults were checked by means of control serum. 

Change of trypsin activity and o,-antitrypsin in am- 
niotic fluid during labor. The change of trypsin activity 
and q,-antitrypsin during labor were measured by the 


Significance 
14 + 20 p < 0.01 
25.2 + 20.2 p < 0.01 


above method in nine cases in which samples were col- 
lected every few hours until delivery (five premature 
rupture of membranes cases, four no premature 
rupture). 

Histologic studies of amnion and chorion. The sam- 
ples were taken from various membranes at or near 
the site of the rupture. The specimens were fixed in 
10% formalin, embedded in paraffin, and stained with 
hematoxylin and eosin. Chorioamnionitis was diag- 
nosed in cases in which polymorphs were migrating 
toward the amniotic cavity through the chorion and 
reaching the amnion.’ 

Significance of results were evaluated by a two-tailed 
Student’s ¢ test, with p < 0.05 being a significant dif- 
ference. 


Results 


Trypsin activity in amniotic fluid with premature 
rupture of membranes was 127 + 57 U/L and with- 
out premature rupture was 14 + 20 U/L. There was 
significant difference between two groups (p < 0.01) 
(Fig. 1 and Table II). The concentration of «,-anti- 
trypsin in amniotic fluid with premature rupture of 
membranes was 6.8 + 5.5 mg/dl and without prema- 
ture rupture was 25.2 + 20.2 ng/dl (p < 0.01) (Fig. 2 
and Table II). 

Trypsin activity and concentration of @,-antitrypsin 
in amniotic fluid were scarcely influenced by the labor 
pains and the rupture of membranes in both groups 
(Figs. 3 and 4). 

In histologic studies of 21 amnions and chorions with 
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Fig. 1. Trypsin activity in amniotic fluid in the study groups. 
O = No premature rupture of membranes, ® = premature 
rupture without chorioamnionitis, Å = premature rupture 
with chorioamnionitis. 


premature rupture of membranes, chorioamnionitis 
was recognized in 13 specimens. No chorioamnionitis 
was found out in 16 cases without premature rupture 
of membranes. All the cases of amnion and chorions 
with premature rupture were thin in comparison to 
those without premature rupture of membranes. This 
is consistent with the report of Artal et al.” (Fig. 5). 
With regard to trypsin activity and concentration of q,- 
antitrypsin in premature rupture of membranes cases, 
high trypsin activity and low concentration of a,-anti- 
trypsin were demonstrated whether chorioamnionitis 
was present or not. 


Comment 


It has been previously reported that chorioamnionitis 
is a risk factor for premature rupture of mem- 
branes," ” and that necrosis and degeneration of inter- 
stitial cells pathologically accompanying chorioamnio- 
nitis are causes of premature rupture.” In those studies 
it was hypothesized that premature rupture of mem- 
branes might be caused by external factors such as bac- 
terial infection. The study of internal factors, namely, 
factors in amniotic fluid, has not been reported. 

Recently we have identified two possible causes of 
premature rupture of membranes from the analysis of 
collagen types in amnion with premature rupture. One 
is neutrophil infiltration of the amnion, and the other 
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Fig. 2. a,-Antitrypsin concentration in amniotic fluid in the 
study groups. © = No premature rupture of membranes, 
è = premature rupture without chorioamnionitis, Å = pre- 
mature rupture with chorioamnionitis. 


is a high value of trypsin activity in the amniotic fluid. 
Trypsin, which is a strong proteolytic enzyme, exists in 
amniotic fluid. Thus we decided to analyze the rela- 
tionship between trypsin in amniotic fluid as internal 
proteolytic factor and premature rupture of mem- 
branes. 

The results indicate that trypsin activity in the am- 
niotic fluid with premature rupture of membranes was 
significantly higher when compared with that without 
premature rupture. Chorioamnionitis was recognized 
in about 60% of cases with premature rupture of mem- 
branes, and whether chorioamnionitis was present or 
not, high trypsin activity was shown in most premature 
rupture cases. In cases of premature rupture of mem- 
branes, high trypsin activity in amniotic fluid is thought 
to be a more common phenomenon than chorioam- 
nionitis. Trypsin activity is mainly controlled by the 
trypsin inhibitor in amniotic fluid. 

In amniotic fluids, a,-antitrypsin plays a major role 
in the defense mechanism against various proteolytic 
attacks caused by a lack of a,-macroglobulin and low 
concentrations of inter-a-trypsin inhibitor.” As ex- 
pected, the concentration of a@,-antitrypsin in amniotic 
fluids in the group with premature rupture of mem- 
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Fig. 3. Change of trypsin activity during labor. © = Premature rupture of membranes, O = cases 


without premature rupture. 
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Fig. 4. Change of a,-antitrypsin during labor. @ = Premature rupture of membranes, © = cases 


without premature rupture. 


branes were significantly lower compared with that 
without premature rupture regardless of chorioam- 
nionitis. 

Proteolytic attacks against amniochorion are thought 
to be mainly granulocytes or trypsin. The main colla- 
genolytic enzyme in granulocyte is elastase." Trypsin 
is also a collagenolytic enzyme.'* Both enzymes are 
strongly inhibited by a,-antitrypsin. 

In cases of premature rupture of membranes, it is 
thought that a,-antitrypsin is consumed by the large 
amount of protease produced by inflammatory cells or 
trypsin, resulting in the apparent low concentration of 


a,-antitrypsin in amniotic fluid. Thus trypsin activated 
secondarily may cause further destruction of amni- 
ochorion. 

The variation in the concentration of a,-antitrypsin 
noted in the cases of premature rupture of membranes 
may be attributed to the difference in the amount of 
a,-antitrypsin consumed because of the degree of in- 
flammation of amniochorion or trypsin content in am- 
niotic fluid. Furthermore, the hypothesis that concen- 
tration of a,-antitrypsin and trypsin activity were un- 
changed by labors or rupture of membranes is 
supported. . 
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Fig. 5. Histologic findings of amnion and chorion in various cases. A, No premature rupture of as 
membranes; B, premature rupture without chorioamnionitis; C, premature rupture with chorioam- 
nionitis. Note that the amnions and chorions in B and C are thinner than those in A. Neutrophil p 
infiltation and degeneration in amnion and chorion are shown in C. All specimens were obtained om 
near the rupture site. (Hematoxylin-eosin staining. X 100.) 


It is well known that a,-antitrypsin deficiency pro- alveoli.'* '* That may be similar to the cause of pre- a 
duces pulmonary emphysema. Its mechanism was mature rupture of membranes. 
thought to be that secondary activated granulocyte elas- Until now the host defense factor for premature rup- 
tase decomposed elastin and collagen of pulmonary ture of membranes has not been emphasized, as com- 
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pared with the offensive factor. This study seems to 
show that the host factor is also important. In conclu- 
sion, a,-antitrypsin deficiency in amniotic fluid was con- 
sidered to be one of the causes of premature rupture 
of membranes. 


We thank Prof. Yoshiro Kawashima for comments on 
the manuscript. 
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Chayote (Sechium edule) causing hypokalemia in pregnancy 


Lars P. Jensen, M.D., and Anthony R. Lai, M.D. 
Miami, Florida 


A case of severe hypokalemia in pregnancy is presented. Chayote, a subtropical vegetable with potent 
diuretic action, is implicated, as the potassium level returned to normal, without recurrence of hypokalemia, 
once the ingestion was stopped. (Am J OssteT GYNECOL 1986;155:1048-9.) 


Key words: Chayote, diuretic, hypokalemia 


Hypokalemia has a variety of causes and generally 
reflects a reduction in total body potassium. The most 
common cause of hypokalemia in routine clinical prac- 
tice is diuretic abuse and every effort must therefore 
be made to elicit a history of diuretic usage. ' 


Case report 

An 18-year-old white Cuban woman, gravida 2, para 
0-0-1-0, was admitted to the hospital at 33 weeks’ ges- 
tation complaining of severe generalized weakness, es- 
pecially of the lower extremities. An additional com- 
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plaint was one of pedal edema, for which she had been 
using a vegetable called chayote (Sechium edule). 

Physical examination revealed a normotensive, well- 
nourished woman with gestational size appropriate for 
dates. The only abnormality found was a generalized 
weakness. She was unable to walk or stand and had 
hyporeflexia. 

Pertinent laboratory studies included a hemoglobin 
of 12 gm/dl and a hematocrit of 37%. The electrolytes 
were: sodium, 141 mEq/L; potassium, 1.7 mEq/L; chlo- 
ride, 108 mEq/L; calcium, 276 mg/dl; and a blood urea 
nitrogen of 2 mg/dl. Creatine phosphokinase was 4450 
mU/ml (normal 5 to 35 mU/ml). The electrocardio- 
gram showed sinus rhythm and a normal axis with 
marked ST depression and T-wave inversion in leads 
V, to Vs. Creatine phosphokinase isoenzymes showed 
92% MM bands, positive MB bands, and no BB bands. 
All other laboratory values were within normal limits. 
Hydration and rapid potassium replacement were in- 
stituted and during the next few days the patient 
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showed a marked improvement. Within 3 days the po- 
tassium concentration had stabilized and she was dis- 
charged 9 days later, when the creatine phosphokinase 
value had shown a steady decline to 48 mU/ml. 

The patient stopped using chayote and there was no 
recurrence of symptoms. At 40 weeks’ gestation she was 
admitted in labor and was spontaneously delivered of 
a live infant weighing 3560 gm with Apgar scores of 9, 
9, and 9. 


Comment 


Chayote, a perennial climbing, subtropical vegetable 
native to the highlands of Southern Mexico and Central 
America, is popular in places as far afield as Australia, 
India, Europe, and the Caribbean. Of importance is 
the usage of this by the Latin American population 
living in the United States. In Cuba the tuber is used 
as a potent diuretic, for pulmonary ailments, and for 
relief of intestinal inflammation.’ In Yucatan the leaf 
decoction taken daily is believed to lower blood pres- 
sure and dissolve kidney stones. The patient boiled the 
tubers and drank the pot liquor because of pedal 
edema. Although there is no proof that this was the 
cause of the hypokalemia, the relationship of the use 
of chayote, a known diuretic, and her recovery after its 
discontinuation, in the absence of any other cause of 
potassium loss, seems more than coincidental. 

Potassium deficiency may affect the skeletal muscle, 
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the heart, the kidneys, and the gastrointestinal tract. 
Most serious is the effect on the neuromuscular system, 
which varies from muscular weakness to areflexic pa- 
ralysis, when respiratory insufficiency may cause death. 
Losses of large amounts of potassium from skeletal 
muscle causes rhabdomyolysis and myoglobinuria re- 
flected by creatine phosphokinase level increases and 
MM isoenzyme creatine phosphokinase bands. In long- 
standing potassium depletion, renal tubular damage is 
common. The potassium deficiency also affects smooth 
muscle of the gastrointestinal tract and may cause par- 
alytic ileus. 

The effect of hypokalemia on the fetus has not been 
sufficiently investigated. However, maternal hypoka- 
lemia has been associated with intrauterine bradycardia 
caused by heart block. Serum levels should be moni- 
tored frequently with the initial serum level, the clinical 
condition, the rate of potassium serum changes, and 
the renal function used as a frequency guideline for 
replacement therapy. 
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Congenital absence of the umbilical cord resulting from 
maldevelopment of embryonic body folding 


Charles J. Lockwood, M.D., Angela L. Scioscia, M.D., and John C. Hobbins, M.D. 


New Haven, Connecticut 


We report a case of extreme maldevelopment of embryonic body folding that resulted in incomplete fusion 
of the amnion to the chorion and failure to form an umbilical cord. Massive intra-abdominal and 
intrathoracic herniation led to rapid neonatal death. The accurate ultrasonic characterization of the defect 
enabled prudent perinatal management. (Am J OssTET GYNECOL 1986;155:1049-51.) 


Key words: Embryonic body fold defect, omphalocele, umbilical cord, congenital anomalies 


Embryonic body folding occurs from 22 to 28 days 
after conception. Moderate aberrancy in folding results 
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in fetal omphalocele, which is characterized by a mem- 
brane-covered defect in the ventral wall and umbilical! 
cord insertion near the apex of the amnioperitoneal 
sac. Presented is an example of severe body fold mal- 
development and its consequences. 


Case report 


An 18-year-old primigravid woman was transferred 
at 31 weeks’ gestation after rupture of the membranes. 
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Fig. 1. Umbilical vessels illustrating their lack of spiraling, 
length, and course along amnioperitoneal membrane. Small 
arrow indicates placental insertion of umbilical cord; large ar- 
row, area of hepatic insertion; P, placenta; L, liver. 


The patient smoked one pack of cigarettes per day; 
otherwise the prenatal, past medical, genetic, and tox- 
icologic histories were noncontributory. On admission, 
speculum examination confirmed gross rupture of the 
membranes. Fundal height was compatible with a 34- 
week gestation. The patient was afebrile, had a normal 
leukocyte count, and was without contractions. 
Ultrasound evaluation confirmed a live singleton fe- 
tus in a cephalic lie with an increased amount of am- 
niotic fluid. Biparietal diameter was consistent with 30 
weeks’ gestation. A large defect in the fetal ventral wall 
was noted. The defect was enclosed by a cylindrical 
membranous covering that was inserted at the placenta 
along a broad circular base. The membrane appeared 
contiguous with the amniochorionic membrane en- 
closing the remainder of the placental surface and uter- 
ine cavity. The umbilical vein and two arteries were 
normal in appearance; however, no free loops of um- 
bilical cord were seen. These vessels measured only 6 
cm in length, demonstrated no spiraling, and coursed 
along the right posterolateral aspect of the membra- 
nous “sac” (Fig. 1). Noted within the confines of the 
extracoelomic cavity were the liver, spleen, free-floating 
small bowel, and dilated loops of colon, heart, left kid- 
ney, and bladder (Fig. 2). The umbilical vein inserted 
into the completely herniated liver and the umbilical 
arteries were seen to descend parallel to the bladder. 
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Fig. 2. Contents of extraembryonic coelom. P, Placenta; L, 
liver; B, bowel; K, left kidney; H, ectopic cordis; T, fetal tho- 
rax; arrows indicate amnioperitoneal membrane. 





Fig. 3. Neonate with intimately attached placenta, demon- 
strating herniated viscera, kyphoscoliosis, narrow abdomen 


and thorax, absent umbilical cord, and fusion of the amnio- 
peritoneal membrane with chorion, covering the placenta. 


The thorax was markedly constricted, and severe ky- 
phoscoliosis was apparent. The long bones were con- 
sistent with a 26-week gestation and were normal in 
shape and density. The craniofacial anatomy, as well as 
the hands and feet, appeared normal. Fetal movements 
were restricted because of the intimate attachment to 
the placenta. 

In light of the extremely poor prognosis and the 
presence of ruptured membranes, induction of labor 
was initiated. The patient was delivered of the infant 
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and the attached placenta simultaneously. The infant 
died soon after birth of severe pulmonary hypoplasia. 
Examination of the neonate and placenta confirmed 
the ultrasound findings including absence of the um- 
bilical cord (Fig. 3). Other autopsy findings included 
an intact pericardial sac, normal intrinsic cardiac anat- 
omy, bilateral absence of the anterior and posterior 
portions of the diaphragm with herniation of the lower 
lobes of both lungs into the “sac,” an absent right kid- 
ney, and maldevelopment of the left adnexa. There was 
malrotation of the bowel, but no evidence of atresia. 


Comment 


The flat trilaminar embryo is transformed into a cy- 
lindrical fetus by a parallel set of contiguous body folds: 
cephalic, lateral, and caudal.’ Folding separates the in- 
traembryonic coelom (peritoneal cavity) from the ex- 
traembryonic coelom (chorionic cavity). Continuation 
of the process allows for enormous expansion of the 
amniotic cavity, which envelops the fetus and obliterates 
the chorionic cavity. The amnion then fuses with the 
chorion peripherally and forms the covering of the 
umbilical cord centrally. 

Primarily aberrant cephalic folding may generate a 
form of pentalogy of Cantrell." * Features include epi- 
gastric omphalocele, defective lower sternum, incom- 
plete pericardial sac, ventral diaphragmatic hernia, and 
intrinsic cardiac anomalies. Lateral fold defects result 
in midline omphalocele.* Caudal defects may create any 
or all of the abnormalities of cloacal exstrophy,” in- 
cluding bladder exstrophy, hindgut agenesis, intestinal 
fistulas, and hypogastric omphalocele. 

The findings in this case resulted from severe mal- 
development of cephalic, caudal, and lateral embryonic 
body folds. The failure of complete extraembryonic 
coelom (chorionic cavity) obliteration accounts for the 
absence of umbilical cord formation and the wide-based 
insertion of the amnioperitoneal membrane onto the 
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placental chorionic plate. The intra-abdominal contents 
persisted in the extraembryonic coelom. Fusion of the 
amnion and chorion took place only at the margin of 
the placenta. In contrast fetal omphalocele is associated 
with normal amnion and chorion fusion and the for- 
mation of a discrete amnioperitoneal sac into which a 
normally formed umbilical cord is inserted. 

There is a 60% incidence of coexisting (but unre- 
lated) congenital anomalies in fetuses with omphalo- 
cele.' Cardiac, genitourinary, gastrointestinal, and neu- 
ral tube defects have been reported. This fetus lacked 
a right kidney and ureter and had maldevelopment of 
the contralateral adnexa. Kyphoscoliosis was present; 
however, the neural tube was intact. Autosomal triso- 
mies are present in at least 12% of fetuses bearing an 
omphalocele.' In this case chromosomal analysis of skin 
fibroblasts revealed a 46,XX karyotype. 

The neonatal mortality with cephalic fold defects is 
reported to be 78%,' with death resulting from cardio- 
pulmonary insufficiency. The antenatal identification 
of ectopic cordis and thoracic constriction in this fetus 
suggested minimal survival potential. Autopsy later 
confirmed pulmonary hypoplasia. 

A thorough understanding of the embryologic fea- 
tures of embryonic body folding, together with detailed 
sonographic examination, enabled expeditious peri- 
natal management. Inappropriate operative interven- 
tion was avoided. The nature of the findings reported 
provides insight into the embryonic processes involved 
in the development of ventral wall defects. 
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A cross-sectional study of in utero growth of the above 


average sized fetus 


Joseph M. Miller, Jr., M.D., Grace E. Kissling, Ph.D., Frederick A. Korndoffer III, M.D., 


Haywood L. Brown, M.D., and Harvey A. Gabert, M.D. 


New Orleans, Louisiana 


In a cross-sectional study of 210 pregnancies resulting in above-average-sized term infants, biparietal 
diameter, femur length, and abdominal circumference were found to differ among three birth weight 
percentile groups (>90, 76 to 90, and 51 to 75). Growth rates, however, were similar. Estimated fetal 
weights, derived from four formulas, showed the same pattern. Differences between large for gestational 
age infants and other above average sized infants exist; changes in growth are likely to have occurred 
before the thirty-third week of gestation. (AM J OssTeT GYNECOL 1986;155:1052-5.) 


Key words: Large for gestational age infants, fetal weight estimates 


Most of the weight of a fetus is gained during the 
third trimester. Extrapolation from gestational age— 
birth weight tables of live-born infants, shows that 
the normally grown fetus gains 15 to 30 gm/day be- 
tween the twenty-seventh and thirty-ninth weeks and 
3 to 9 gm/day between the fortieth and forty-second 
weeks." * The curves generated by these data also show 
nearly identical growth rates for both small and large 
for gestational age infants. The same gradual reduction 
in growth rates occurs at term for both groups. The 
use of data for live-born infants to predict in utero 
growth, however, is questionable since fetal weight 
in utero and birth weight at the same gestational ages 
may not be the same. 

Ultrasound can be used to predict fetal weight. Ott 
and Doyle,’ using the fetal weight tables of Shepard 
et al.,* found that fetal weight increased by 28 gm/day 
between 30 and 35 weeks’ gestation and 12 gm/day 
from 35 to 42 weeks’ gestation. They also found growth 
rates for small and large for gestational age fetuses to 
be similar. Only a few macrosomic infants were in- 
cluded and independently analyzed. The growth rate 
for unusually large infants during the late third trimes- 
ter is therefore difficult to extrapolate from this study. 

A longitudinal study by Deter et al.’ suggested a 
quadratic growth curve for normal infants and growth 
rates that increased with advancing gestation. Above 
average sized infants were projected to grow at the rate 
of 272 gm/day at 40 weeks. This viewpoint is at odds 
with what has previously been described.'” 
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Using ultrasound, we evaluated daily fetal growth of 
above average sized fetuses during the late third tri- 
mester. 


Material and methods 


Patients were selected from those referred to the 
Perinatal Laboratory, Louisiana State University Med- 
ical Center. Patients who were delivered of their infants 
between 38 and 43 weeks’ gestation with known dates 
and who were delivered of infants whose birth weights 
for gestational ages were above the fiftieth percentile? 
were included. One study per patient, obtained be- 
tween 33 and 42 weeks after the last menstrual period, 
was recorded. Of the 210 patients reported on, 88 were 
delivered of infants whose birth weights were above the 
ninetieth percentile for gestational age; 61, from the 
seventy-sixth to ninetieth percentile; and 61, from the 
fifty-first to seventy-fifth percentile. 

Studies were done with the use of dynamic image 
ultrasonography (Toshiba SAL-30, 3.5 MHz trans- 
ducer). The biparietal diameter, abdominal circumfer- 
ence, and femur length were recorded. The methods 
used were described by Sabbagha and Hughey,’ Ott,’ 
and Hadlock et al.," respectively. Fetal weight estimates 
were obtained from the formulas in Table I.**° 

Estimated fetal weights were plotted against a stan- 
dardized menstrual age depicted by the following ratio: 


Patient’s menstrual age 
at time of study — 
mean menstrual age of 


entire group at time of stud 
Menstrual age = A hal aA kd Eas 
o Menstrual age at study 


A least-squares method was used to estimate a quadratic 
regression model. The growth rates were obtained 
from the first-order derivative of the estimated fetal 
weight: menstrual age equation. Similarly a quadratic 
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Table I. Formulas for obtaining fetal weight estimates 


Study Formula designation Log formula 


Shepard et al.’ EFW SHP 1.25 + 0.46 (AC) + 0.66 (BPD) — 0.00265 (BPD) (AC) 
Hadlock et al.’ EFW HAD 1.3598 + 0.051 (AC) + 0.1844 (FL) — 0.0037 (FL) (AC) 
Hadlock et al.” EFW DET 1.335 + 0.316 (BPD) + 0.0457 (AC) + 0.1623 (FL) — 0.0034 (AC) (FL) 


Hadlock et al.’ EFW CRP 1.4787 + 0.0458 (AC) + 0.158 (FL) + 0.001837 (BPD) 
(BPD) — 0.003343 (AC) (FL) 





EFW, Estimated fetal weight; AC, abdominal circumference; BPD, biparietal diameter; FL, femur length. 


Table II. Description of study population 












Menstrual age (days)* 
No, 


Birth weight 


Birth weight* 
percentile 


(gm) 








>90 88 280.5 + 9.7 261.4 + 15.6 4142 + 338 
76-90 61 280.3 + 10.2 262.4 + 15.8 3593 + 183 
51-75 61 282.2 + 9.7 261.5 + 17.1 3397 + 192 
Total 210 280.9 + 9.8 261.7 + 16.0 3766 + 419 


*Values are mean + SD. 


equation between biparietal diameter, femur length, ference did vary among the weight groups evaluated. 
and abdominal circumference and menstrual age was Fetal growth rates for biparietal diameter, femur 
also estimated. Growth rates were calculated for each length, and abdominal circumference were the same 
model and the multiple R? was obtained. Statistical sig- among the three subgroups for the gestational age pe- 
nificance for the model, calculated from analysis of var- riod studied (33 to 42 weeks). It is likely that changes 
lance, was achieved at the 0.05 level. in growth have occurred before the observation period. 
The report by Ogata et al.,"° who found a growth al- 
Results teration in abdominal circumference between 28 and 
The three birth weight subgroups, as well as the 32 weeks in macrosomic infants of diabetic mothers, 
group as a whole, are characterized in Table II. Ges- supports this contention. Dooley et al.'' found an ac- 
tational ages at the time of sonographic evaluation and celeration of abdominal circumference growth between 
at delivery were the same for the three categories, 23 and 30 weeks. Aside from an early report,'* however, 
whereas birth weight, as expected, was different. evaluation of biparietal diameter measurements for 
The relationship of each dependent variable (y) and large for gestational age infants has indicated no dif- 
menstrual age (MA) was developed in the form: ference.'* ' ° This finding may in part reflect small 
y =a+bMA +c MA’; results are outlined in Table sample sizes as well as the type of analysis. The authors 
III. On evaluation of the three subgroups, the equation looked at extremely high biparietal diameter measure- 
constant a differed significantly among the three ments for gestational age rather than at mean mea- 
subgroups, increasing with relative newborn size for all surements.'* '* The relationship of femur growth and 
dependent variables (p < 0.001). The coefficients of birth weight percentile has received little attention. 
MA and MA’ (b, c) were not significantly different Estimated fetal weight by the four formulas studied 
(p > 0.5). Growth rates were obtained from the first showed different, although parallel, growth curves for 
derivative of the regression equation; daily growth = the three subgroups. The groups therefore must have 
b + 2c MA. In each instance, because b and c were been significantly different before the observation pe- 
no different among the subgroups, growth rates (Ta- riod reported here. 
ble IV) did not differ significantly. Curves for all seven dependent variables show a good 
fit to the quadratic regression equations. With the ex- 
Comment ception of biparietal diameter, which falls after 284 
Although the difference in abdominal circumference days, all show reduced, although continued, fetal 
was to be expected because of its strong effect in esti- growth as term is approached. This apparent reduction 
mated fetal weight modeling, differences in biparietal is probably attributable to changes in cross diameters 
diameter and femur length among the three weight from molding and position of the fetal head.'* Growth 
categories were unexpected. Mean estimates for bipa- rates of biparietal diameter and femur length derived 


rietal diameter, femur length, and abdominal circum- in this study were compared with normal growth rates 
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Table III. Constant and coefficients of quadratic equation for dependent variables in each birth weight 
category. Equation is y = a + b MA + c MA’, where MA = menstrual age 


Constant term for birth weight subgroups 










Dependent 

BPD 9.59 9.21 9.08 285 — 0.101 0.47 <0.0001 
FL 7.56 7.49 7.39 349 — 0.079 0.74 <0.0001 
AC 33.8 32.5 31.6 1.587 ~Oi257 0.47 <0.0001 
EFW SHP 3337 3051 2854 383.3 — 16:3 0.54 <0.0001 
EFW HAD 3413 3163 2974 415.6 — 61.9 0.56 <0.0001 
EFW DET 3425 3174 2983 413.3 — 72.6 0.58 <0.0001 
EFW CRP 3384 3128 2937 410.1 =71,3 0.58 <0.0001 





BPD, Biparietal diameter; FL, Femur length; AC, Abdominal circumference; EFW, Estimated fetal weight. Formulas for 
estimated fetal weight by formula designation are defined in Table I. 


*p < 0.001, analysis of variance. 
Denotes p value for significance of regression. 


Table IV. Growth rate from derived equations 
for dependent variables at selected 
menstrual ages 






Menstrual age in days 


Dependent variable 


BDP (cm/day) 0.042 0.020 0.003 -0.008 
FL (cm/day) 0.041 0.023 0.011 0.002 
AC (cm/day) 0.161 0.105 0.063 0.035 
EFW SHP (gm/day) 42.2 25.6 13.1 4.8 
EFW HAD (gm/day) 40.8 27.3 17.1 10.4 
EFW DET (gm/day) 43.2 27.3 15:5 7.6 
EFW CRP (gm/day) 42.7 27.2 15:5 rA 


BDP, Biparietal diameter; FL, femur length; AC, abdominal 
circumference; EFW, estimated fetal weight. Formulas for es- 
timated fetal weight by formula designation are defined in 
Table I. 


derived from a sea level—based population.” '* In both 
instances, growth rates at 33 weeks were higher than 
expected but less than at 40 and 42 weeks. Abdominal 
circumference has been found to be linearly related to 
gestational age,’ although an early study suggested a 
slight reduction in the rate of increase at term.'° Al- 
though the abdominal circumference growth rate at 33 
weeks is the same as that found by Hadlock et al., we 
found that the abdominal circumference growth rate 
fell as gestation advanced. 

Sample growth rates for each variable at selected ges- 
tational ages showed a linear decline with time. Our 
data suggest slightly higher daily growth rates in late 
pregnancy than have been previously appreciated from 
cross-sectional studies of live-born infants'' and ultra- 
sound near delivery.” The single ultrasonic longitudinal 
study gives estimates of fetal growth that far exceed 
what has been found here.’ This discrepancy may re- 
flect in part the period of observation and the growth 
model used. Further study is indicated. 


Whether the quadratic regression model is the most 
appropriate is uncertain. Other models of a single 
growth measurement have used linear, linear cubic, 
and exponential regression. Growth rates of esumated 
fetal weight were established in both cubic and expo- 
nential models. Which model provides the best fit and 
how the relative birth weight affects modeling need to 
be evaluated. 


REFERENCES 


l. Lubchenco LO, Hansman C, Dressler M, et al. Intrauter- 
ine growth as estimated from liveborn birth-weight data 
at 24 to 42 weeks of gestation. Pediatrics 1963;32:793. 

2. Brenner WE, Edelman DA, Hendricks CH. A standard 
of fetal growth for the United States of America. AM J 
OBSTET GYNECOL 1976;126:555. 

3. Ott WJ, Doyle S. Normal ultrasonic fetal weight curve. 
Obstet Gynecol 1982;59:603. 

4. Shepard MT, Richards VM, Berkowitz RT, et al. An eval- 
uation of two equations for the prediction of fetal weight 
by ultrasound. AM J OBSTET GYNECOL 1982;142:47. 

5. Deter RL, Harrist RB, Hadlock FP, et al. Longitudinal 
studies of fetal growth with the use of dynamic image 
ultrasonography. AM J OBSTET GYNECOL 1982;143:545. 

6. Sabbagha RE, Hughey M. Standardization of sonor 
cephalometry and gestational age. Obstet Gynecol 1978; 
52:402. 

7. Ott WJ. Clinical application of fetal weight determination 
by real-time ultrasound measurements. Obstet Gynecol 
1981;57:758. 

8. Hadlock FP, Harrist RB, Carpenter RE, et al. Sonographic 
estimation of fetal weight. Radiology 1984;150:535. 

9. Hadlock FP, Harrist RB, Sharman RS, et al. Estimation 
of fetal weight with the use of head, body and femur 
measurements: a prospective study. AM J OBSTET GYNE- 
COL 1985;151:333. 

10. Ogata ES, Sabbagha R, Metzger BE, et al. Serial ultra- 
sonography to assess evolving fetal macrosomia. JAMA 
1980;243:2405. 

11. Dooley S, Tamura R, Sabbagha R, et al. Ultrasound in 
diabetics with timed pregnancies. Early expression of ac- 
celerated somatic growth [Abstract 110]. in Proceedings 
of the thirty-first annual meeting of the Society for Gy- 
necologic Investigation, San Francisco, California, March 
21-24, 1984. San Francisco: Society for Gynecologic In- 
vestigation, 1984. . 


Volume 155 
Number 5 


12. Crane JP, Kopta MM, Welt SI, et al. Abnormal fetal 
growth patterns: ultrasonic diagnosis and management. 
Obstet Gynecol 1977;50:205. 

13. Wladimiroff JW, Bloemsma CA, Wallenburg CS. Ultra- 
sonic diagnosis of the large-for-dates infant. Obstet Gy- 
necol 1978;52:285. 

14. Crane JP, Kopta MM. Prediction of intrauterine growth 
retardation via ultrasonically measured head/abdominal 
circumference ratios. Obstet Gynecol 1979;54:597. 


In utero growth of above average sized fetus 


15. Hadlock FP, Harrist RB, Deter RL, et al. Fetal femur 
length as a predictor of menstrual age: sonographically 
measured. Am J Roentgenol 1982;138:875. 

16. Tamura RK, Sabbagha RE. Percentile ranks of sonar fetal 
abdominal circumference measurements. AM | OBSTET 
GYNECOL 1980;138:475. 





Uterus didelphys with microscopic communication 


between horns 


Joseph S. Sanfilippo, M.D., and Ronald L. Levine, M.D. 


Louisville, Kentucky 


The case of a 14-year-old female adolescent, gravida 1, para 0, abortions 1, with a didelphic uterus and a 
blind vaginal pouch with microscopic communication between horns is reported. Reproductive performance 
in such cases is usually poor. The challenge of detection and evaluation as well as the 
genetic-embryologic origin is discussed. (Am J OssteT GYNECOL 1986;155:1055-6.) 


Key words: Uterine anomalies, pregnancy, microscopic communication between horns 


The didelphic uterus associated with a blind vaginal 
pouch, microscopic communication between the horns, 
and fully developed fallopian tubes and ovaries is a 
relatively rare clinical entity. Congenital anomalies of 
the female reproductive tract have an incidence of one 
in 165 deliveries or one in 1800 gynecologic patients.’ 

Patients with uterine anomalies frequently present 
during adolescence with primary amenorrhea, cyclic 
lower abdominal pain, and a unilateral pelvic mass. Our 
report concerns a patient with a didelphic uterus in 
which a pregnancy occurred in what appeared to be a 
noncommunicating horn. After hysterotomy with evac- 
uation of the products of conception, hematometra and 
endomyometritis resulted. After resection of the uter- 
ine horn, a microscopic communication between the 
two horns was noted. 


Case report 


K. S., a 14-year-old white female adolescent, grav- 
ida 1, para 0, abortions 1, presented for elective ter- 
mination of a 12-week gestation in August, 1984, at a 
local abortion clinic. No tissue specimen was obtained. 
Three weeks later, an enlarged uterus was noted and 
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results of a pregnancy test were positive. Pelvic ultra- 
sound examination showed an intrauterine gestation 
and a didelphic uterus. The patient was readmitted by 
the physician who performed the abortion for a hys- 
terotomy (right uterine horn); products of conception 
were removed. In addition the right fallopian tube was 
ligated. 

After operation increasing pelvic pain with radiation 
to the lower extremities and a right pelvic mass caused 
the patient to visit the emergency room; pregnancy tests 
at that time were negative. The patient was subjected 
to diagnostic laparoscopy and hysteroscopy. A di- 
delphic uterus with a noncommunicating right horn 
and adhesions at the site of tubal ligation were seen. 
One cervix was observed. 

After the second procedure, the lower abdominal 
pain persisted with tenderness confined to both lower 
quadrants, greater on the right. The pelvic examination 
showed a right “multiparous-sized” and a left “nullip- 
arous-sized” uterus, with adnexal masses. 

The pelvic ultrasound examination demonstrated a 
progressive increase in the size of the right uterine 
horn. An intravenous pyelogram showed an absent 
right kidney and collecting system; the left kidney, col- 
lecting system, and bladder were normal. Spina bifida 
was also reported. At operation on December 18, 1984, 
excision of the right noncommunicating horn and right 
salpingectomy were carried out. Bilateral normal-ap- 
pearing ovaries and a smaller left uterine horn and 
fallopian tube were observed. On histopathologic ex- 
amination a right uterine horn with a communicating 
channel to the edge of resection, chronic salpingitis with 
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Table I. Embryology associated with uterine anomalies 
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Week of gestation Event 
3 Development of urogenital ridges 
6 Cleft between pronephros and medially located gonads 
7 Fusion of miillerian ducts 
9 Millerian tubercle formation 
10-20 Fusion stage continues 
12-16 Disappearance of median septum (may begin at any part 


and proceed in any direction). Clinical presentation of 
fusion defects includes chronic vaginal discharge and 


sepsis 





Amenorrhea-dysmenorrhea, infertility, spontaneous abortion, retained placenta, and premature or dysfunctional labor are seen 
with a didelphic system. Communication between two otherwise separate uterocervical cavities may occur from failure of canal- 


ization during labor or may be due to an iatrogenic source. 


marked edema, proliferative endometrium, and isch- 
emic decidual tissue were reported. 

The postoperative course was uneventful. Prophy- 
lactic antibiotics were administered, and the patient was 
discharged January 1, 1985. She again came to the 
emergency room on June 25, 1985, with abdominal 
pain; no specific cause was established. An ultrasound 
examination demonstrated normal-appearing uterus, 
cervix, and adnexa. 


Comment 


The patient in our case report requested a voluntary 
abortion. However, term gestation has been reported 
in a “noncommunicating” rudimentary horn.” Placenta 
accreta, necessitating removal of the right adnexa and 
horn, has also been noted. More commonly, pregnan- 
cies in rudimentary horns end in rupture during the 
first and second trimesters. It has been noted that in 
85% of the pregnancies in a rudimentary horn there 
is no communication with the normal horn, which im- 
plies that fertilization occurred after transperitoneal 


migration of the spermatozoa or of a fertilized ovum.” 
We challenge this concept and state that microscopic 
communication between uterine horns can and does 
exist. Surgical extirpation of a horn with careful mi- 
croscopic assessment is necessary before the specific 
incidence of noncommunication can be ascertained. 
Table I shows the embryologic development associated 
with uterine anomalies. 


We wish to thank the Department of Radiology, Jew- 
ish Hospital, Louisville, Kentucky, for cooperation in 
patient management, and Douglas Haynes, M.D., for 
his constructive review of the manuscript. 
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estimate that users of oral contraceptives are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. Ina study of cerebrovascular disorders in women with and without 
predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater than 
nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater. An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported. Studies conducted in the 
United Kingdom found that the greater the number of underlying risk factors for coronary artery 
disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, diabetes, history of 
preeciamptic toxemia) the higher the risk of ba OPIN myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Orai contraceptives, however, were found to bea 
clear additional risk factor. In terms of relative risk, it has been estimated that oral contraceptive 
users who do not smoke (smoking considered a major predisposing condition to myocardial 
infarction) are about twice as likely to have a fatal myocardial infarction compared to nonusers who 
do not smoke. Oral contraceptive users who smoke have about a 5-fold increased risk of fatal 
infarction compared to users who do not smoke but about a t0- to 12-fold increased risk compared to 
nonusers who do not smoke. The amount of smoking is a very important factor. British investigators 
concluded that the risk of thromboembolism including coronary thrombosis is directly related to the 
dose of estrogen used in oral contraceptives; preparations containing 100 mcg. or more of estrogen 
were associated with a higher risk of thromboembolism than those containing 50-80 mcg. of 
estrogen. The relative risk of thromboembolic disease associated with progestin-only oral 
contraceptives has not been determined. Cases of thromboembolic disease have been reported in 
women using progestin-only products, and they should not be presumed to be risk-free. The overall 
excess mortality rate annually from circulatory diseases for oral contraceptive users was estimated 
to be 20 per 100,000 (ages 15-34, 5/100 000; ages 35-44, 33/100 000: ages 45-49. 140/100.000). 
the risk being concentrated in older women, in those with a long duration of use, and in cigarette 
smokers. The highest risk was found in heavy cigarette smokers (15 or more cigarettes per day) who 
used oral contraceptives and were aged 40 or older. Women who smoke should be advised not to use 
oral contraceptives. The use of oral contraceptives in women over age 40 with other risk factors is not 
recommended. The mortality associated with all of the methods of birth control is low compared to 
the risk of childbirth, with the exception of oral contraceptive users who smoke and are over age 40. 
The lowest mortality is associated with the condom or diaphragm backed up by early abortion. The 
risk of thromboembolic and thrombotic disease associated with ora! contraceptives increases with 
age after approximately age 30 and for myocardial infarction is further increased by hypertension, 
hypercholesterolemia, obesity, diabetes, or history of preeclamptic toxemia, and especially by 
cigarette smoking. The physician and the patient should be alert to the earliest manifestations of 
thromboembolic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, 
cerebrovascular insufficiency. coronary occlusion, retinal thrombosis and mesenteric thrombosis) 
Should any of these occur or be suspected, the drug should be discontinued immediately. If feasible, 
oral contraceptives should be discontinued at least 4 weeks before ea) i of a type associated with 
an increased risk of thromboembolism or prolonged immobilization. 2) Ocular Lesions. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the 
use of oral contraceptives. Discontinue the medication if there is unexplained sudden or gradual, 
partial or complete loss of vision; sudden onset of proptosis or diplopia; papilledema: or retina! 
vascular lesions, and institute appropriate diagnostic and therapeutic measures. 3) Carcinoma. 
Long term administration of either natural or synthetic estrogen in certain animal species increases 
the frequency of carcinoma of the breast, cervix, vagina and liver. Inhumans. one study investigated 
the first 21 cases of endometrial adenocarcinoma in women on ora! contraceptives reported to a 
registry. Of those women without predisposing risk factors for this disease, nearly all occurred in 
women who had used a sequential oral contraceptive. No evidence has been reported suggesting an 
increased risk of endometrial cancer in users of conventional combination or progesjin-only oral 
contraceptives. No increase in breast cancer in women taking oral contraceptives has been reported 
although one study reported an increased risk of breast cancer in subgroups of women treated using 
oral contraceptives with documented benign breast disease. There is at present no confirmed 
evidence from human studies of an increased risk of cancer associated with oral contraceptives, 
Close clinical surveillance of all women taking oral contraceptives is essential. In all cases of 
undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate diagnostic measures 
should be taken to rule out malignancy. Women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with 
‘ed see te if they elect to use oral contraceptives. 4) Hepatic Adenoma. Benign hepatic adenomas 
ave been found to be associated with the use of oral contraceptives. One study reported a higher risk 
associated with oral contraceptive formulations with high hormonal potency. Although benign and 
rare, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. 
This has been reported in short term as well as long term users of oral contraceptives. Two studies 
relate the risk with duration of contraceptive use, the risk being much greater after 4 or more years of 
oral contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women 
presenting abdominal pain and tenderness, abdominal mass. or shock. A few cases of hepatocellular 
carcinoma have been reported in women taking oral contraceptives. The relationship of these drugs 
to this type of malignancy is not known at this time. 5) Use in Pregnancy, Birth Defects in Offspring 
and Malignancy in Female Offspring. Fetal abnormalities have been reported to occur in the offspring of 
women who have taken progestogens and/or estrogens during pregnancy. It has been shown that 
females exposed in utero to diethylstilbestro!. a nonsteroidal estrogen, have an increased risk of 
developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. A high 
percentage of such exposed women (30% to 90%) have been found to have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign it is not known whether this 
condition is a precursor of vaginal malignancy. Male children so exposed may develop abnormalities 
of the urogenital tract. Similar data are not available with the use of other estrogens but it cannot be 
presumed that they would not induce similar changes. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000 live births. In the past, female 
sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
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abortion. There is considerable evidence that estrogens are ineffective for these indications and 
there is no evidence from well-controlled studies that progestins are effective for these uses. 
Increases in chromosomal aberrations have been reported in women who become pregnant soon 
after ceasing oral contraceptive therapy. Embryos with these anomalies are virtually always 
spontaneously aborted. Whether there is an overall increase in spontaneous abortion of pregnancies 
conceived soon after stopping oral contraceptives is unknown. It is recommended that for any patient 
who has missed two consecutive periods, pregnancy should be ruled out before continuing the 
contraceptive regimen. If the patient has not adhered to the prescribed schedule, the possibility of 
pregnancy should be considered at the time of the first missed period and further use of oral 
contraceptives should be withheld until pregnancy has been ruled out. If pregnancy is confirmed the 
patient should be apprised of the potential risks to the fetus and the advisability of pregnancy 
continuation should be discussed in light of these risks. It is also recommended that women who 
discontinue oral contraceptives with the intent of becoming pregnant use an alternate form of 
contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months. Administration of progestin-only or progestin-estrogen combinations to induce withdrawal 
bleeding should not be used as a test for pregnancy. 6) Gall Bladder Disease. Studies have reported an 
increased risk œf surgically confirmed gallbladder disease appearing after one year of oral 
contraceptive use and doubling of the risk after 4 or 5 years of use. 7) Carbohydrate and Lipid 
Metabolic Effects. A decrease in glucose tolerance has been observed in a significant ercentage of 
patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be carefully 
observed while receiving oral contraceptives. Increased serum levels of triglycerides and total 
phospholipids have been observed in oral contraceptive users. The clinical significance of this 
observation is unknown at this time. 8) Elevated Blood Pressure. An increase in blood pressure has 
been reported in women fap Oral contraceptives. The prevalence of hypertension in oral 
contraceptive users may be no higher than nonusers in the first year of oral contraceptive use but 
increases with longer exposure and in the fifth year of use is two and one-half to three times the 
reported prevalence in the first year. Women who previously had hypertension during pregnancy may 
be more likely to develop elevation of blood pressure when given oral contraceptives. 9) Headaches. 
The onset or exacerbation of migraine or development of headache of a new pattern which is 
recurrent, persistent or severe, requires discontinuation of oral contraceptives and investigation of 
the cause. 10) Bleeding Irregularities. Breakthrough bleeding, spotting and amenorrhea are frequent 
reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all cases of 
irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed 
persistent or recurrent abnormal bleeding from the vagina, adequate diagnostic measures are 
indicated to rule out pregnancy or malignancy. If pathology has been excluded, time or change to 
another formulation may solve the problem. Changing to an oral contraceptive with a higher estrogen 
content, while potentially useful in minimizing menstrual Ha gl should be done only if 
necessary since this may increase the risk of thromboembolic disease Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a 
tendency to remain anovulatory or to become amenorrheic after discontinuation of oral 
contraceptives. Women with these preexisting problems should be advised of this possibility and 
encouraged to use other contraceptive methods. 11) Ectopic Pregnancy. Ectopic as well as 
intrauterine pregnancy may occur in contraceptive failures. However, in oral contraceptive failures, 
the ratio of ectopic to intrauterine pregnancies is higher than in women not using oral contraceptives 
since the drugs are more effective in preventing intrauterine rather than ectopic pregnancy. The 
higher ectopic-intrauterine ratio has been reported with both combination products ond progestin- 
only oral contraceptives. 12) Breast Feeding. A small fraction of the hormonal agents in oral 
contraceptives has been identified in the milk of mothers receiving these drugs. The long-range 
effect to the nursing infant cannot be determined at this time. 
Precautions: 1) A complete medical and family history should be taken prior to the initiation of oral 
contraceptives, Examination should include special reference to blood pressure, breasts, abdomen 
and pelvic organs, including Papanicolaou smear and relevant laboratory tests. As a general rule, 
oral contraceptives should not be prescribed for longer than 1 year without another physical 
examination being performed. 2) Under the influence of Bates aks thee preparations, 
preexisting uterine leiomyomata may increase in size. 3) Patients with a history of psychic 
depression should be carefully observed and the drug discontinued if depression recurs to a serious 
degree. 4) Because oral contraceptives may cause some degree of fluid retention, conditions which 
might be anoravated by fluid retention, such as convulsive disorders, migraine syndrome, cardiac or 
renal insufficiency or asthma require careful observation. 5) Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence of jaundice while receiving oral contraceptive 
therapy. If jaundice develops in any patient receiving such drugs. the medication Should be 
discontinued, 6) Steroid hormones may be poorly metabolized in patients with impaired liver 
function and should be administered with caution in such patients. 7) Bral contraceptive users may 
have disturbances in normal tryptophan metabolism which may result in a relative pyridoxine 
deficiency The clinical significance of this is yet to be determined. 8) Serum folate levels may be 
depressed by oral contraceptive therapy. This may complicate subsequent pregnancy with regard to 
folate deficiency. 9) The pathologist should be advised of oral contraceptive therapy when relevant 
specimens are submitted. 10) Certain endocrine and liver function tests and blood components may 
be affectec by estrogen-containing oral contraceptives. a. Increased sulfobromophthalein retention. 
b. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid binding globulin (TBG) leading 
to increased circulating total thyroid hormone. as measured by protein-bound iodine (PBI), Ts by 
column, or Ta by radioimmunoassay. Free T+ resin uptake is decreased, reflecting the elevated 
TBG. free Ts concentration is unaltered. d, Decreased pregnanediol excretion. e, Reduced response 
to metyrapone test. 11) The active yellow tablets and the inert green tablets in Ovcon-50 (21 and 28 
day regimens) and the inert green tablets in the 28 day regimen of Ovcon-35 contain FD&C Yellow No. 
5 (tartrazine) which may cause allergic-type reactions pne wenp bronchial oon in certain 
Susceptible individuals. Although the overall incidence of FD&C Yellow No. 5 (tartrazine) sensitivity 
in the general population is low, it is frequently seen in patients who also have aspirin 
Aid ek ope 
Information for the Patient: Detailed Patient Labeling has been prepared for use by the patient and has 
been made available for distribution by the pharmacist. 
Drug Interactions; Reduced efficacy and increased incidence of breakthrough bleeding have been 
associated with concomitant use of rifampin. A similar association has been suggested with 
barbiturates, phenylbutazone, phenytoin sodium, ampicillin and tetracycline. 
Adverse Reactions: An increased risk of the following serious adverse reactions has been associated 
with the use of oral contraceptives (see Warnings): Thrombophiebitis, pulmonary embolism, 
coronary thrombosis. cerebral thrombosis, cerebral hemorrhage. hypertension, gall bladder 
disease, congenital anomalies. There is evidence of an association between the following conditions 
and the use of oral contraceptives, although additional confirmatory studies are needed: Mesenteric 
thrombosis; benign hepatomas; neuro-ocular lesions, e.g., retinal thrombosis and optic neuritis. 
The following adverse reactions have been reported in patients receiving oral contraceptives and are 
believed to be drug related: Nausea and/or vomiting, usually the most common adverse reactions, 
occur in approximately 10% or less of patients during the first cycle (other reactions, as a general 
rule, are seen much less frequently or only occasionally); gastrointestinal symptoms (such as 
abdominal cramps and bloating); breakthrough bleeding; soeng: change in menstrual flow; 
dysmenorrhea; amenorrhea during and after treatment; temporary infertility after discontinuance of 
treatment: edema, chloasma or melasma which may persist; breast changes (tenderness, 
enlargement, and secretion), change in weight (increase or decrease); change in cervical erosion and 
cervical secretion; possible diminution in lactation when given immediately postpartum; cholestatic 
jaundice, migraine; increase in size of uterine leiomyomata; rash (allergic); mental depression; 
reduced tolerance to carbohydrates; vaginal candidiasis; changes in corneal curvature (steepening), 
intolerance to contact lenses. The following adverse reactions have been reported in users of oral 
contraceptives. and the association has been neither confirmed nor refuted: Premenstrual-like 
syndrome, cataracts. changes in libido, chorea, changes in appetite, cystitis-like syndrome, 
headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema multiforme, erythema 
nodosum, hemorrhagic ay prod vaginitis, porphyria 
Acute Overdosage: Serious ill effects have not been reported following acute ingestion of large doses 
of oral contraceptives by young children. Overdosage may cause nausea. and withdrawal ia 
may occur in females. 0 
c-v21" 
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Use of a small-gauge needle for intrauterine fetal transfusions 


Vanessa A. Barss, M.D., Beryl R. Benacerraf, M.D., Michael F. Greene, M.D., and 


Fredric D. Frigoletto, M.D. 


Boston, Massachusetts 


Intraperitoneal intrauterine fetal transfusions have generally been performed with large-gauge Tuohy 
needles, which increase the risk of traumatic fetal complications. We feel that this technique can be 
improved by use of a small-gauge needle and continuous ultrasound visualization. A series of 20 


transfusions is presented. (Am J Osstet GYNECOL 1986;155:1057-8.) 


Key words: Intrauterine transfusion, small-gauge needle 


In 1963, Sr. William Liley first reported a technique 
for the intrauterine transfusion of the fetus, which was 
subsequently modified by sonographic imaging to 
guide a 17-gauge Tuohy needle into the fetal peritoneal 
cavity and thread a 19-gauge epidural catheter.’ Despite 
these modifications, traumatic hazards of the proce- 
dure remained. In a series of 14 hydropic fetuses man- 
aged with intrauterine fetal transfusion four (29%) 
pregnancies were complicated by premature labor or 
premature rupture of the membranes and there were 
two (14%) procedure-related deaths and two (14%) 
nonfatal traumatic Tuohy needle insertions.' Because 
of this persistent morbidity, we have modified the in- 
trauterine fetal transfusion technique to make it less 
hazardous, faster, easier, and less costly. 


Material and methods 


Between May and December 1985 we performed 20 
intrauterine fetal transfusions in four patients with fe- 
tuses with hydrops due to isoimmunization. In each 
case the patient was evaluated with serial amniocenteses 
for determination of the delta optical density at 450 
nm and sonograms that were obtained with Acuson 
real-time equipment with a 3.5 MHz transducer. At the 
first sign of hydrops, intrauterine fetal transfusions 
were begun. Transfusions were performed in ambu- 
latory patients in the ultrasound unit. No premedica- 
tions were given. With direct ultrasound guidance a 20- 
gauge spinal needle was introduced into the fetal peri- 
toneal cavity. A 20 ml syringe was attached to the needle 
hub with extension tubing and the ascites was aspirated 
until the flow stopped. An air bubble was then intro- 
duced to confirm the extraluminal location of the nee- 
dle tip. Irradiated, compatible packed red blood cells 
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were infused by hand via 20 ml syringes at a constant 
rate during 5 to 15 minutes. Volumes transfused were 
according to previously described formulas.' During 
the procedure the fetal heart rate was monitored by 
the sonographer and the transfusion was stopped if 
bradycardia occurred. In one case, when bradycardia 
occurred, blood was withdrawn with rapid return to 
the baseline heart rate. Blood flow from the needle tip 
and around the loops of bowel was continuously easily 
visualized. At the end of the procedure the needle was 
withdrawn and the fetus was observed for | to 2 min- 
utes. The patient was then sent home to be evaluated 
in 2 to 7 days or as required. 


Results 


Within 24 hours of a transfusion there were no fetal 
deaths, no instances of premature labor, and no pre- 
mature rupture of the membranes. There were no 
known fetal traumatic injuries. The salvage rate for 
these fetuses, all hydropic between 22.5 and 25.5 weeks, 
was 50% (two of four). One fetus died in utero, 4 days 
after the eighth intrauterine transfusion, of severe 
isoimmune disease with severe hydrops unresponsive 
to therapy. Another died 48 to 72 hours after the first 
transfusion for unknown reasons. This fetus appeared 
to have a large ventricular septal defect on ultrasound 
and postmortem chromosomal analysis revealed tri- 
somy 18. 


Comment 


Direct intraperitoneal infusion of blood through a 
small 20-gauge needle appears to be a better method 
for intrauterine transfusion than the catheter technique 
for a number of reasons. In the past we have admitted 
patients to the hospital for slow infusion of blood 
through a catheter and fetal monitoring. Since we no 
longer require hospital admission the procedure is less 
costly. It is faster because of the relatively rapid blood 
infusion and because time is not spent placing a catheter 
and confirming its position. Most important, it is a safer 
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technique. The small-gauge needle may be associated 
with a lower incidence of procedure-related losses. Mid- 
trimester amniocentesis studies have suggested an in- 
creased risk of fetal loss when the needle was 19 gauge 
or more, a finding that may apply later in gestation as 
well. Last, direct visualization of a 20-gauge needle 
should be associated with fewer traumatic fetal injuries 
than the blind insertion of several centimeters of a suff 
plastic catheter, which has the potential for perforating 
the diaphragm, spinal canal, liver, and other fetal struc- 
tures before a serious misplacement can be noted ra- 
diographically. 

With the advent of percutaneous umbilical arterial 
sampling, the diagnosis and management of isoim- 
munized pregnancies have entered a new era. The di- 
rect fetal intravascular infusion of blood on the basis 
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of known fetal hematocrits appears to result in higher 
salvage rates, especially in hydropic fetuses in whom 
the intraperitoneal absorption of blood can be erratic 
and inadequate.” However, this technique can be dif- 
ficult because of vagaries in fetal position and activity 
as well as placental location. In view of this, we feel our 
technique is a good therapeutic option in the manage- 
ment of isoimmunization. 
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An unusual cause of intractable secondary dysmenorrhea 


John R. H. Fliegner, M.D. 


Parkville, Australia 


Severe dysmenorrhea following sterilization may be due to the presence of a noncommunicating horn of a 
bicornuate uterus. Ultrasound examination should be made before a functional basis is considered for 


such pain. (Am J OBsTeT GYNECOL 1986;155:1058-9.) 


Key words: Dysmenorrhea, sterilization, bicornuate uterus, ultrasound 


Severe cyclic dysmenorrhoea in a young woman with 
a unilateral pelvic mass indenting the lateral vaginal 
wall suggests complete duplication of the uterus and 
cervix with a unilaterally imperforate vagina.’ Second- 
ary dysmenorrhea associated with uterine duplication 
has, however, not previously been described. A case is 
reported which developed following laparoscopic ster- 
ilization. Possible medicolegal sequelae are considered. 


Case report 

The patient was a 32-year-old woman, para 3, gravida 
3, with a normal medical and obstetric history. Three 
spontaneous vaginal deliveries at 40 weeks’ gestation 
followed normal labors. The menses were regular, al- 
though the patient stated that she often required as- 
pirin on the first day of the period for mild dysmen- 
orrhea. 
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The woman had used oral contraception intermit- 
tently over the preceding 3 years but was unhappy with 
the method because of recurrent monilial infections of 
the vagina. Because of adverse press publicity she did 
not want an intrauterine device inserted and requested 
sterilization. Gynecologic examination was unremark- 
able, and there was no indication of a uterine malfor- 
mation. 

Laparoscopic sterilization was performed with use of 
Fallope rings. At laparoscopy both ovaries and tubes 
appeared normal, although it was noted that the uterus 
appeared flat-topped with an absent fundal bulge. 
There was no evidence of pelvic endometriosis. 

After sterilization the patient experienced progres- 
sively painful menses over the next 6 months. This 
colicky pain, which was severe in the lower abdomen 
and back, radiated down the medial aspect of both 
thighs. It was accompanied by nausea and vomiting and 
necessitated the patient taking sick leave from her work 
as a secretary. An additional and new symptom was 
deep dyspareunia. 

Repeated gynecologic examination could detect no 
significant abnormality apart from mild uterine ten- 
derness. An ultrasound examination was not carried 
out in view of the seemingly normal pelvic findings, A 
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psychiatric opinion was sought. The patient was con- 
sidered to be suffering from chronic depression and 
Valium was prescribed, 5 mg three times daily. How- 
ever, there was no improvement, and she became in- 
creasingly dependent on analgesics. 

As a last resort an empirical total abdominal hyster- 
ectomy was performed 8 months after the laparoscopic 
sterilization, and the findings were surprising. Opera- 
tion revealed the presence of uterus bicornis unicollis 
with a hematometra in the rudimentary right horn. 
This failed to communicate with the lower genital tract, 
and the hematometra extended to the point of steril- 
ization in the right tube ( Fig. 1). There was no histologic 
evidence of adenomyosis on pathologic examination. A 
subsequent intravenous pyelogram revealed an absent 
right kidney. On the left side a single large kidney was 
present with a duplex collecting system and duplex 
ureters. Both ureters drained to the left side of the 


bladder. 


Comment 

It is clear that the patient’s long-standing dysmenor- 
rhoea was due to a unilateral hematometra in the non- 
communicating half of the bicornuate uterus. However, 
the patient’s fallopian tube on the affected side acted 
as a Safety valve. Following sterilization this avenue for 
the escape of menstrual blood was lost and led to a 
marked exacerbation of the patients symptoms. Al- 
though a broad flat uterine fundus was noted at the 
time of laparoscopic sterilization, its significance as 
being due to a bicornuate uterus was not apparent. 
Naturally the patient reacted negatively to her psychi- 
atric referral, especially when it was considered that 
her sterilization was being rejected for emotional rea- 
sons. This only compounded the problem for both part- 
ners and has led to a breakup of her marriage. 

The possibility of a bicornuate uterus should always 
be considered when sterilization is followed by second- 


Intractable secondary dysmenorrhea 1059 





Fig. 1.Noncommunicating right horn of a bicornuate uterus. 
Problem exacerbated following laparoscopic sterilization. 


ary dysmenorrhoea, deep dyspareunia, and chronic 
lower abdominal pain. A broad flat uterine fundus pro- 
vides the initial clue, but ultrasound examination or 
hysteroscopy may be needed to confirm the diagnosis. 
It should be stressed that a normal obstetric history 
does not exclude a Millerian abnormality. 
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Collagenolysis in human vaginal tissue during pregnancy and 
delivery: A light and electron microscopic study 


Yukio Manabe, M.D., and Yoshinobu Yoshida, M.D. 
Kyoto and Shiga, Japan 


Biopsy specimens of the human vagina were studied by light and electron microscopy. In the nonpregnant 
state, the collagenous fibers were tight and regular. During pregnancy and after delivery the collagenous 
fibers were irregular and more spread out. Pronounced edema, increased vascularity, and dilated blood 
vessels were also characteristic findings; however, no interstitial hemorrhage or perivascular granulocyte 
infiltration was noted. At electron microscopy, collagenous fibers were thick and compact in the 
nonpregnant state, but thin fibrillar components with amorphous material were observed during pregnancy 
and post partum. Fibrillar elements were sparse around the fibroblasts and fat droplets in the fibroblasts 
were noted at term and after delivery. The possible involvement of prostaglandins released from fibroblasts 
and/or blood vessels is suggested in these processes. (AM J OBsTET GYNECOL 1986;155:1060-6.) 


Key words: Vaginal connective tissue, collagenolysis during pregnancy 


The human cervix consists mainly of the collagenous 
type of connective tissue, and the changes in collage- 
nous fibers and ground substances play an important 
role in cervical softening and dilatation during preg- 
nancy and/or delivery.'* It was demonstrated that, dur- 
ing pregnancy and/or delivery, collagenous fibers sep- 
arate widely,’ * the collagen/total protein ratio de- 
creases," * and the amount of glycosaminoglycans,* the 
amount of water” * and the collagenase activity’ ° in- 
crease. 

Little or no histologic and biochemical studies have 
so far been performed on the nature of vaginal con- 
nective tissue during pregnancy and delivery. Although 
the vaginal wall is more distensible than the cervix, 
morphologic and biochemical changes in the vaginal 
connective tissue occurring during pregnancy and de- 
livery seem important for protection against major vag- 
inal tear on delivery. 

In this study, the types of vaginal connective tis- 
sue were morphologically identified, and morphologic 
changes of vaginal collagenous tissue during pregnancy 
(midtrimester and term) and immediately post partum 
were examined. 


Material and methods 


Vaginal samples taken from 32 women between 21 
and 43 years of age were examined. Of these, 12 were 
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Fig. 1. Vaginal wall at nonpregnancy consists of the stratified 
squamous epithelium and connective tissue (basement mem- 
brane, collagenous tissue, and loose and scarce networks of 
elastic fibers) of approximately 1 mm thickness. Note the 
presence of elastic fibers (arrows) in the region of the base- 
ment membrane and in the deep region of the connective 
tissue. (Sections from paraffin-embedded material, stained 
with Bielschowsky and van Gieson method. x 220.) 
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Fig. 2. Vaginal collagenous tissue at nonpregnancy, 2 cm above 
the introitus. Collagen fibers are thick and regular and are 
densely packed. (Sections from Epon-embedded material, 
stained with toluidine blue. X 880.) 


obtained from sexually active nonpregnant women 
during either the follicular or the luteal phase; others 
were at the midtrimester (16 to 21 weeks) (n = 5), at 
term before labor (n = 5), or less than 30 minutes post 
partum (n = 10), from either nulliparous or multipa- 
rous women. Small wedge-shaped samples were taken 
from the vaginal wall at a point approximately 1 cm 
below the anterior and/or posterior fornix, at the mid- 
dle and/or about 2 cm above the introitus. The purpose 
and nature of the study were explained, and written 
consent was obtained from each patient. The specimens 
were used for light and electron microscopic studies. 
Biopsy specimens for morphologic study were im- 
mediately fixed with 2% paraformaldehyde in 0.1 
mol/L sodium cacodylate buffer with 0.25 mol/L su- 
crose (pH 7.4) at 0° to 4° C for 12 hours. After fixation 
the specimen was embedded in paraffin, sectioned, 
and stained with hematoxylin-eosin and Gomor'’s tri- 
chrome methods. For the confirmation of elastic fibers, 
we also used Weigert’s resorcin-fuchsin method com- 
bined with the van Gieson method as well as the Biel- 
schowsky and van Gieson method. With the latter meth- 
ods the collagen fibers are stained red, the muscle yel- 
low, and the elastic fibers dark violet to black. 
_ The other specimens were fixed with 2% glutaral- 
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Fig. 3. Vaginal collagenous tissue immediately after delivery. 
Collagen fibers appear dissociated, thinner, and irregularly 
oriented. Edema and ground substances are increased, and 
blood vessels are dilated. Interstitial hemorrhage and peri- 
vascular granulocyte infiltrations are not observed. Note nu- 
merous lipid droplets in fibroblasts as small vacuoles (arrows) 
in the cytoplasm. (Sections from Epon-embedded material, 
stained with toludine blue. x 880.) 


dehyde in 0.1 mol/L cacodylate buffer with 0.25 
mol/L sucrose (pH 7.4) at 0° to 4° C and washed with 
cacodylate buffer. All the specimens were again fixed 
with 1% osmium tetroxide, dehydrated, and embedded 
in Epon 812. Ultrathin sections, stained with uranyl 
acetate and Reynolds lead solution, were observed un- 
der a Hitachi H-500 electron microscope. Also sections 
1 um thick from specimens embedded in Epon for the 
electron microscopic study were stained with toluidine 
blue and observed under a light microscope. 


Results 


Light microscopic observations. The vaginal tissue 
at nonpregnancy showed similar morphologic charac- 
teristics at the upper, middle, and lower regions. The 
outermost layer was lined with stratified squamous ep- 
ithelium. The second layer consisted of connective tis- 
sue of approximately | mm thickness, that is, (1) the 
basement membrane consisting of an argyrophilic thin 
layer, (2) a loose and scarce network of elastic fibers, 
and (3) collagenous tissue (Fig. 1). Beneath this layer, 
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Fig. 4. Electron micrograph of a specimen from the nonpregnant vagina. Regularly packed bundles 
of collagen fibrils form collagen fibers. Fibroblasts and their segments are seen. (X 8750.) 


bundles of smooth muscles were visible. Small capillar- 
ies were seen in these collagenous and muscular tissue 
layers. The connective tissue appeared almost as ex- 
tensively as tightly woven thick collagen fibers (Fig. 2). 
Collagen fibers tended to run parallel to one another 
with regular orientation. No granulocyte infiltration 
around the perivascular region was observed. There 
were no differences in these findings among specimens 
obtained at different menstrual stages or with respect 
to parity. 

Fig. 3 shows a specimen immediately after delivery. 
Edema was pronounced, as evidenced by many clear 
spaces between individual collagen fibers. The collagen 
fibers appeared to be much thinner and more dis- 
persed, running in various directions. A few zones with 
varying degrees of compact collagen were observed, 
surrounded by many regions with a low density of col- 
lagen, suggesting local degradation of collagen fibers. 
Although an increased vascularity and dilated blood 
vessels were noted, no interstitial hemorrhages or find- 
ings suggesting vaginitis, such as stromal and perivas- 
cular infiltration of neutrophils, mast cells, and mac- 
rophages, were observed. Characteristically, perivas- 


cular collagenous tissue remained intact, that is, dense 
and compact, and some multicircle rings with the blood 
vessel in the center were found, in contrast with find- 
ings in the surrounding collagenous tissue, which was 
greatly dispersed. Fat droplets, which were noted only 
scarcely in nonpregnant specimens, were more com- 
monly observed in the fibroblasts. Findings of elastic 
fibers were similar to those in the nonpregnant speci- 
mens. The fibroblasts and smooth muscle fibers were 
larger than those in nonpregnancy. 

The findings noted in the postpartum specimens 
were similar to those in specimens obtained at term 
without labor and more extensive than those in speci- 
mens at the midtrimester. There were no differences 
with respect to parity or region in these findings. 

Electron microscopic observations. The nonpreg- 
nant vagina had regularly compact and clearly visible 
bundles of collagen fibrils that formed collagen fibers. 
Fibroblasts or their segments were observed between 
the collagen fibers (Fig. 4). Nuclear and cytoplasmic 
components of the fibroblasts were normal. At a higher 
magnification, regularly oriented and compact collagen 
fibrils forming collagen fibers of approximately 2 wm 
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Fig. 5. Higher magnification of the specimen shown in Fig. 4. Collagen fibrils, which form collagen 
fibers, are regularly oriented. Fibrils show characteristic periodicity of approximately 60 nm. A 
fibroblast segment can be seen at the top left region. (X 46,000.) 


thickness were clearly visible. Fibrils showed a peri- 
odicity of approximately 60 nm, which is typical for 
collagen (Fig. 5). 

Immediately after delivery (Fig. 6), the collagen fi- 
brils were faint and sparse and less regularly oriented 
than those in nonpregnancy. Disappearance of collagen 
fibrils was apparent around and close to the fibroblast; 
these findings could not be observed in specimens from 
the nonpregnant vagina. Images that suggested reso- 
lution of fibrils into aggregates of microfibrils were 
present. In addition, abundant deposits of filamentous 
or granular material, probably corresponding to the 
amorphous material noted under light microscopy, 
were frequently present between the fibrils. Fat drop- 
lets, suggestive of some metabolic changes of the cell, 
were commonly observed in the cytoplasm of fibro- 
blasts; these were scarcely observed in specimens in 
nonpregnancy and rarely noted at the midtrimester. At 
a higher magnification, the dispersed and fainter col- 
lagen fibrils were more clearly visible. While the fibers 
and fibrils from the nonpregnant vagina had regular 
diameters, the specimens at term and post partum had 
irregular fibers and fibrils with smaller and more vari- 


able diameters. The diameter of collagen fibrils was 
measured with a measuring magnifier. Approximately 
30 randomly selected fibrils were studied in each spec- 
imen. The average diameter of the fibrils was approx- 
imately 20% to 25% less than that in nonpregnancy. 
The spaces between the fibers and fibrils were in- 
creased, although fibrils had periodical bands of ap- 
proximately 60 nm as in nonpregnancy (Fig. 7). 

There were no differences in the above-mentioned 
findings between term pregnancy and postpartum 
specimens. At midtrimester the findings were generally 
intermediate between those at nonpregnancy and those 
at term and post partum. 


Comment 


Our observations confirmed that vaginal connective 
tissue consists mainly of collagen that is identical to that 
of the cervix. Elastic fibers are definite but scarce; this 
finding is also similar to that in the cervix.' Morphologic 
demonstration of increased edema, vascularity, and col- 
lagen dispersion in the pregnant and postpartum vag- 
inal specimens in comparison with the nonpregnant 
tissue is also similar to the findings reported in the 
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Fig. 6. Electron micrograph from an immediately postpartum vaginal specimen. Collagen fibers are 
dissociated to thin fibrillar components with amorphous materials. Lipid droplets in fibroblasts are 
seen. (X 8750.) 


cervix.” Interestingly we found no apparent differ- 
ence between the upper portion of the vagina and the 
lower portion, despite the fact that these areas differ 
embryologically. 

The mechanisms by which such phenomena as tissue 
edema and collagenolysis in the cervix and vagina occur 
during pregnancy and delivery are poorly understood. 
During pregnancy collagenolysis progresses with the 
increase in plasma levels of estrogens and progester- 
one, although their levels do not change before and 
during delivery in humans. In the present study, the 
extent of collagenolysis in the vagina, as reported in 
the cervix,” * does not differ significantly at term and 
immediately after delivery. At the midtrimester, uterine 
distention induces cervical softening and abortion un- 
der the stable plasma levels of estrogens and proges- 
terone.”® Although the direct role of estrogens and/or 
progesterone in collagenolysis has been denied in the 
human cervix,’ there are reports indicating that estra- 
diol inhibits collagenase activity* and enhances the pro- 
gesterone-induced inhibition of collagenase synthesis” 
in the postpartum rat uterus. These hormones may act 
directly or indirectly in collagenolysis. 

The neutrophils are a well-studied source of colla- 


10 


genase. Thus the marked infiltration of neutrophils 
and macrophages into the cervical stroma and ad- 
vanced collagenolysis in the cervix have been suggested 
as the cause of intrapartum cervical softening.’ How- 
ever, we argue against this assumption in vaginal col- 
lagenolysis because perivascular and stromal invasions 
of neutrophils were not notable in our specimens. Also, 
in the cervical specimens obtained after delivery, ex- 
tensive collagenolysis occurred without neutrophilic in- 
filtrations when biopsy specimens were taken well apart 
from glandular regions of the cervix (unpublished 
data). 

The fibroblast, the predominant cell in the cervical 
and vaginal connective tissue, is the source of the col- 
lagen and its ground substance.'' The fibroblast and 
vascular endothelial cells have a high capacity for syn- 
thesizing prostaglandins,'* and the human ripening 
cervix produces various prostaglandins.'* '* Collagen- 
olytic activity of prostaglandins is well recognized in the 
human cervix. In the present microscopic studies, the 
lesser and fainter density of collagen fibrils around the 
fibroblast compared with other stromal regions may be 
responsible for the release of prostaglandins by the 
fibroblast. Also the fat droplets noted in the fibroblast 
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Fig. 7. Higher magnification of the specimen shown in Fig. 6. Dispersed and fainter fibrils are clearly 
seen. Fibers and fibrils are smaller and more variable in diameter. Spaces between fibrils are increased. 
Microfibrils (arrows) and amorphous materials are present. (X 46,000.) 


at term and in postpartum specimens suggest some 
metabolic changes occurring in the cell, although the 
physiologic implications are obscure. It is also not clear 
why perivascular collagens resist collagenolysis in con- 
trast with other stromal regions. 

The concentrations of prostaglandins in the uterus 
show a progressive increase during pregnancy and de- 
livery. During pregnancy the vascularity greatly in- 
creases and blood vessels dilate remarkably in the pelvic 
organs to supply blood to the growing fetoplacental 
organs; these phenomena seem to occur to meet the 
progressive local oxygen demands in the pelvic organs 
and in blood vessels. Since the release of prostaglandins 
is due to tissue ischemia in various organs,'® this con- 
dition in the cervix and vagina could be a cause of 
prostaglandin release from the fibroblasts and blood 
vessels, which are responsible for the collagenolysis in 
these organs. 
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Fetal echocardiography 


VI. Assessment of cardiothoracic disproportion—A new technique for 


the diagnosis of thoracic hypoplasia 


Greggory R. DeVore, M.D., Janet Horenstein, M.D., and Lawrence D. Platt, M.D. 


Los Angeles, California 


Fifty-eight fetuses were studied with use of diagnostic real-time and M-mode ultrasound between 15 and 
40 weeks of gestation in which the chest circumference, biventricular outer dimension of the heart, 
biparietal diameter, head circumference, abdominal circumference, and femur length were measured. The 
chest circumference correlated with the biparietal diameter (r = 0.978), head circumference (r = 0.977), 
abdominal circumference (r = 0.989), femur length (r = 0.983), and biventricular outer dimension 

(r = 0.972). Regression analysis with predicted mean and 95% and 5% confidence limits demonstrated a 
linear relationship between the chest circumference and the following: biparietal diameter, head 
circumference, abdominal circumference, femur length, and biventricular outer dimension. Four 
representative cases (triploidy [69,XXX], osteogenesis imperfecta, intrauterine growth retardation, and 
renal agenesis) illustrate the usefulness of the data when thoracic hypoplasia is suspected. (Am J OBSTET 


GYNECOL 1986;155:1066-71.) 


Key words: Ultrasound, fetus, chest circumference, heart 


The prenatal diagnosis of congenital anomalies by 
means of diagnostic ultrasound requires recognition of 
abnormal anatomy (gastroschesis, omphalocoele, spina 
bifida, anencephaly) as well as aberrant growth rela- 
tionships (microcephaly, hydrocephaly, dwarfism).'* 
This latter group involves quantitative comparison of 
interorgan (femur length/biparietal diameter, head 
circumference/abdominal circumference) as well as 
intraorgan (cerebral lateral ventricular width/hemi- 
spheric width) growth relationships.'® Of the structures 
studied, the thoracic cavity has received minimal atten- 
tion.” * Because the chest contains the heart and lungs, 
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it would be important to assess these structures when 
abnormal development is suspected as manifested by 
the subjective impression of cardiothoracic dispropor- 
tion noted during the real-time examination of the 
heart, that is, renal agenesis, infantile polycystic kid- 
neys, skeletal dysplasias, intrathoracic masses, and in- 
trauterine growth retardation (Fig. 1). 

Since data are not available comparing fetal chest 
dimensions with nonthoracic and cardiovascular mea- 
surements, this study was undertaken in 58 normal 
fetuses between 15 and 40 weeks of gestation. Its pur- 
pose was to define normal growth relationships that 
could be used in the evaluation of the fetus at risk for 
cardiothoracic abnormalities. 


Material and methods 


Normal fetuses 

Patients studied. Fifty-eight ultrasound examinations 
were performed in 58 fetuses between 15 and 40 weeks 
of gestation. The maternal history was negative for dis- 
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eases that predisposed the fetus to abnormal growth or 
development. 

Equipment. All real-time and M-mode images were 
obtained with a General Electric RT3000 system with 
use of 3.5 MHz and 5 MHz linear-array transducers. 

Real-time measurements. The biparietal diameter, head 
circumference, abdominal circumference, and femur 
length were measured as previously described.*!? The 
image of the thorax was obtained by directing the trans- 
ducer perpendicular to the spine at the level of the 
four-chamber view of the fetal heart (Fig. -2)." The 
chest circumference was computed from the largest 
and smallest anterior-posterior and transverse diame- 
ters during nonfetal breathing activity (Fig. 2)." 

M-mode measurements. M-mode measurements of the 
heart were obtained and compared to previously de- 
scribed normal data.'*'* For the purpose of this study 
the biventricular outer dimension at end-diastole was 
used because (1) the epicardial landmarks are readily 
defined from the M-mode image, (2) it is obtained at 
end-diastole and thus easily reproducible between ex- 
aminations, and (3) it represents the combined dimen- 
sions of the right and left ventricular chambers as well 
as the thickness of the ventricular walls and interven- 
tricular septum (Fig. 3).'*'8 

At the conclusion of the sonographic examination 
each fetus was judged to be normal if the following 
ultrasound criteria were met: (1) M-mode measure- 
ments of the fetal heart were normal.'*'* (2) There were 
no structural malformations of the central nervous, 
genitourinary, gastrointestinal, musculoskeletal, or car- 
diovascular systems.'* (3) Measurement of the bipari- 
etal diameter, head circumference, abdominal circum- 
ference, and femur length were compatible with the 
gestational age (+ 1 week) based on the last menstrual 
period.” '* (4) The head circumference/abdominal cir- 
cumference and femur length/abdominal circumfer- 
ence ratios were normal.*® 

Statistical evaluation. With use of an IBM personal 
computer, measured and computed data were analyzed 
by means of a general statistics program that also al- 
lowed for polynomial regression and derivation of con- 
fidence limits for individual predicted Y values (Stat- 
pro, Walden, Massachusetts). 

Abnormal fetuses. Four abnormal fetuses prospec- 
tively studied were selected to illustrate the clinical ap- 
plication of the data derived from this study. 


Results 


Normal fetuses 

Noncardiovascular growth measurements. Polynomial 
regression analysis comparing the chest circumference 
with the biparietal diameter, head circumference, ab- 
dominal circumference, and femur length demon- 
strated that the best predictive equation was a linear 
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Fig. 1. Cardiothoracic disproportion. Transverse cut through 
the thorax at the level of the four-chamber view of the heart 
in a normal fetus (A) and a fetus with pulmonary hypoplasia 
(B). Note the subjective difference in the size of the heart 
compared to the chest when comparing A with B. Open cir- 
cle = Chest circumference. Arrowheads = Circumference of 
the heart. RV = Right ventricle. LV = Left ventricle. S = 
Spine. 


model. Table I lists the chest circumference and non- 
cardiovascular data for the linear regression Y = 
mX + B, in which Y = chest circumference and X = 
biparietal diameter, head circumference, abdominal 
circumference, or femur length. It can be seen that the 
correlation coefficients between the chest circumfer- 
ence and the above growth parameters was greater than 
0.977, with an R° greater than 0.956. Fig. 4 illustrates 
the mean, 5%, and 95% confidence limits for individual 
predictions of the chest circumference for the corre- 
sponding biparietal diameter, head circumference, ab- 
dominal circumference, and femur length. 

Cardiovascular growth measurements. Polynomial re- 
gression analysis demonstrated the best predictive 
equation for the biventricular outer dimension, and the 
chest circumference was linear. The correlation coef- 
ficient was 0.972 with an R? of 0.946 (Table II). Fig. 5 
illustrates the mean, 5%, and 95% confidence limits for 
the biventricular outer dimension and the chest cir- 
cumference. 

Abnormal fetuses. The following cases illustrate the 
application of the above data for evaluation of the fetus 
with suspected cardiothoracic abnormalities. 


Case reports 


Case 1. A 33-year-old woman, gravida 3, para 2, was 
referred for ultrasound examination at 19 weeks of 
gestation because of the inability to adequately image 
the chest and abdomen. Ultrasound examination dem- 
onstrated a normal amount of amniotic fluid. The fetal 
head and femur were appropriate for the correspond- 
ing gestational age. The abdominal circumference was 
<2 SD below the mean. Examination of the chest at 
the level of the four-chamber view of the heart sug- 
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Fig. 2. Measurement of the chest circumference (CC). The image from which the chest circumference 
was measured was obtained by directing the transducer perpendicular to the spine (SP) at the level 
of the thorax containing the four-chamber view of the heart (7P). The chest circumference was 


computed from two perpendicular diameters." 


Table I. Correlation and linear regression analysis (n = 58) 






Name (X) 


Correlation analysis 





Regression analysis 








Standard 
error 
estimate 


Biparietal diameter 0.978 0.956 <0.001 0.116 1226* — 3.3189 3.4945 
Head circumference 0.977 0.954 <0.001 0.032 1186* — 2.8202 0.9440 
Abdominal circumference 0.989 0.978 <0.001 0.019 2527* 0.9076 0.8574 
Femur length 0.983 0.966 <0.001 0.1033 1620* 0.5774 3.9548 
Y = mX + b. Y = Chest circumference. X = Biparietal diameter, head circumference, abdominal circumference, femur 
length. 
*p < 0.0001. 


Table II. Correlation and linear regression analysis (n = 58) 






Name (Y) 


Biventricular outer dimension diastole 0.972 0.946 


Correlation analysis 


error 
p value estimate 





Regression analysis 


Standard 


<0.001 0.005 981* — 0.0491 


0.1465 





Y = mX + b. Y = Biventricular outer dimension diastole. X = Chest circumference. 


*p < 0.0001. 


gested marked cardiothoracic disproportion. Quanti- 
tative evaluation demonstrated that the chest circum- 
ference, when compared to the biparietal diameter, 
head circumference, and femur length, was below the 
5% confidence limits (Fig. 6). The biventricular outer 
dimension, when compared to the biparietal diameter, 
head circumference, and femur length, was normal, 
but it was markedly increased when compared to the 
chest circumference (Fig. 7). The diagnosis of severe 
pulmonary hypoplasia incompatible with neonatal sur- 
vival was made. Based on the above findings, the patient 
chose to electively interrupt the pregnancy 1 week later. 
At the time of termination amniotic fluid was obtained 
for karyotype, which subsequently demonstrated trip- 
loidy (69,XXX). 

Case 2. A 17-year-old patient, gravida 1, was referred 


for ultrasound examination at 31 weeks of gestation 
because of polyhydramnios. Examination of the fetus 
demonstrated the biparietal diameter, head circumfer- 
ence, and abdominal circumference to correspond to 
the last menstrual period. The long bones of the upper 
and lower extremities demonstrated bowing with frac- 
tures and were less than 2 SD below the mean in length. 
Examination of the fetal chest at the level of the four- 
chamber view of the heart suggested cardiothoracic dis- 
proportion with a pericardial effusion.'? The chest 
circumference, when compared to the head circum- 
ference, biparietal diameter, and abdominal circum- 
ference, was below the 5% confidence limits (Fig. 6). 
The biventricular outer dimension was increased in 
dimension for the head circumference, biparietal di- 
ameter, abdominal circumference, and chest circum- 
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Fig. 3. M-mode measurement of the biventricular outer di- 
mension (BVOD). By directing the M-mode cursor perpen- 
dicular to the interventricular septum at the level of the mitral 
and tricuspid valves the biventricular outer dimension was 
measured from epicardium to epicardium at end-diastole (clo- 
sure of the atrioventricular valves). 


ference (Fig. 7). Given the above findings, the ultra- 
sound diagnosis was compatible with the lethal form of 
osteogenesis imperfecta which included pulmonary hy- 
poplasia and cardiomegaly with congestive heart fail- 
ure." ° The patient and referring physician were ap- 
praised of the diagnosis. At 34 weeks of gestation pre- 
mature labor occurred for which tocolysis was not 
attempted. A 1503 gm female infant was born with 
Apgar scores of 2 (1 minute) and 2 (5 minutes) and 
survived for 28 minutes. Autopsy corroborated the 
above ultrasound diagnosis of osteogenesis imperfecta, 
pulmonary hypoplasia, cardiomegaly, and congestive 
heart failure as manifested by a pericardial effusion. 

Case 3. A 28-year-old woman, gravida 2, para 0, was 
referred at 34 weeks of gestation for evaluation of in- 
trauterine growth retardation. There was marked oli- 
giohydramnios. Measurement of the biparietal diam- 
eter, head circumference, abdominal circumference, 
and femur length were <2 SD below the mean for 34 
weeks with abnormal head circumference/abdominal 
circumference (1.15) and femur length/abdominal cir- 
cumference (0.26) ratios. The ultrasound-estimated fe- 
tal weight was 1593 gm. Examination of the chest at 
the level of the four-chamber view of the heart sug- 
gested cardiothoracic disproportion. The chest circum- 
ference was just above the 5% confidence limits when 
compared to the head circumference (Fig. 6). The bi- 
ventricular outer dimension, when compared to the 
chest circumference, was at the 95% confidence limits 
(Fig. 7). Twenty-four hours following the ultrasound 
examination a positive contraction stress test occurred. 
A cesarean section was performed with delivery of a 
female infant with Apgar scores of 6 and 8. The birth 
weight was 1570 gm, compatible with intrauterine 
growth retardation at 34 weeks gestation. 

Case 4. A 24-year-old patient, gravida 1, was referred 
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Fig. 4. Confidence limit graphs for the chest circumference. 
The mean, 95%, and 5% confidence limits for individual pre- 
dictions of the chest circumference regressed against the bi- 
parietal diameter, head circumference, abdominal circumfer- 
ence, and femur length. 


for ultrasound evaluation because of severe oligiohy- 
dramnios at 36 weeks of gestation. Examination of the 
fetus confirmed the presence of marked oligiohydram- 
nios. The biparietal diameter, head circumference, and 
femur length were equivalent to those at 29 weeks of 
gestation, while the abdominal circumference was equal 
to 23 weeks. Abnormal head circumference/abdominal 
circumference (1.40) and femur length/abdominal cir- 
cumference (0.27) ratios were also present. Examina- 
tion of the thorax at the level of the four-chamber view 
of the heart suggested cardiothoracic disproportion. 
The chest circumference was below the 5% confidence 
limits when compared to the biparietal diameter, head 
circumference, and femur length (Fig. 6). The biven- 
tricular outer dimension when compared to the head 
circumference was normal, but increased when com- 
pared to the chest circumference (Fig. 7). Careful ex- 
amination of the trunk did not demonstrate the pres- 
ence of kidneys nor bladder. Given the above, the find- 
ings were consistent with renal agenesis, pulmonary 
hypoplasia, and intrauterine growth retardation. The 
physician was advised of the lethal nature of this syn- 
drome and nonintervention for fetal distress was rec- 
ommended. Seven weeks later intrauterine death oc- 
curred. The patient underwent induction of labor and 
delivered a 1503 gm female fetus with autopsy-con- 
firmed bilateral renal agenesis, hypoplastic lungs, and 
a Potter’s phenotype. 


Comment 


This study was undertaken as the result of the clinical 
need to quantitatively define interthoracic and intra- 
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Fig. 5. Confidence limit graph for the M-mode biventricular 
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Fig. 6. Chest circumference measurements in abnormal 
fetuses. 1 = Triploidy (69,XXX). 2 = Osteogenesis imper- 
fecta. 3 = Intrauterine growth retardation. 4 = Intrauterine 
growth retardation with renal agenesis. 


thoracic growth relationships in fetuses in whom car- 
diothoracic disproportion is suspected during the real- 
time examination of the fetal chest. The benefit of the 
approach described in this report is that it is indepen- 
dent of gestational age and allows for comparison of 
the chest circumference with uninvolved organ systems 
when structural anomalies are present (for example, 
biparietal diameter, head circumference, abdominal 
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Fig. 7. Biventricular outer dimension measurements in ab- 
normal fetuses. 1 = Triploidy (69,XXX). 2 = Osteogenesis 
imperfecta. 3 = Intrauterine growth retardation. 4 = Intra- 
uterine growth retardation with renal agenesis. A, biventric- 
ular outer dimension compared to the head circumference 
(HC). Case 2 demonstrated a dilated heart and congestive 
heart failure. B, biventricular outer dimension compared to 
the chest circumference (CC). All cases demonstrated cardio- 
thoracic disproportion. 


circumference, and biventricular outer dimension in a 
fetus with suspected dwarfism). The data demonstrated 
that there was a significant correlation (r = 0.972 to 
0.989; p < 0.001) between the chest circumference and 
the biparietal diameter, head circumference, abdomi- 
nal circumference, femur length, and biventricular 
outer dimension. The corresponding R? (0.946 to 
().978) values reflects the variance of Y (chest circum- 
ference) which can be predicted from the variance of 
X (biparietal diameter, head circumference, abdominal 
circumference, and femur length). Thus if r = 0.977 
for the head circumference and chest circumference, 
one can state that 95.4% (R? X 100) of the variance of 
one variable (chest circumference) is predictable from 
the variance of the other variable (head circumference). 
In effect, one knows 95.4% of what is needed to make 
a perfect prediction of one variable (chest circumfer- 
ence) from the other (head circumference). 

The four abnormal cases illustrate the usefulness of 
the above data in the evaluation of the fetus with sus- 
pected cardiothoracic disproportion. The first and sec- 
ond cases illustrate abnormally small thoracic circum- 
ferences in fetuses with triploidy and osteogenesis im- 
perfecta. In each of the first two examples the 5% and 
95% confidence limit data from a nonaffected organ 
system demonstrated the chest circumference to be less 
than the 5% confidence limits. Once this was ascer- 
tained, it was then necessary to determine which of the 
two major organ systems within the thoracic cavity 
(heart or lungs) was underdeveloped. Cardiac size was 
assessed by measuring the biventricular outer dimen- 
sion, which is the transverse diameter of the fetal heart 
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at the level of the atrioventricular valves.'*'* When the 
biventricular outer dimension was compared to non- 
affected organ systems (biparietal diameter, head 
circumference, abdominal circumference, or femur 
length) it was found to be increased in the fetus with 
osteogenesis imperfecta and normal in the fetus with 
triploidy. Given the above relationships, it was inferred 
that if the heart were increased or of normal size when 
compared to nonaffected organ systems (biparietal di- 
ameter, head circumference, abdominal circumfer- 
ence, or femur length), the decreased chest circumfer- 
ence was a reflection of underdevelopment of the lungs, 
which was subsequently confirmed at autopsy. 

The third and fourth cases illustrate the use of the 
chest circumference to differentiate between severe in- 
trauterine growth retardation, with or without concom- 
itant renal agenesis in the third trimester of pregnancy. 
In both situations oligiohydramnios was present. Re- 
cently Romero et al.® published their experience with 
prenatal diagnosis of renal agenesis and noted the dif- 
ficulty distinguishing between renal agenesis and severe 
intrauterine growth retardation, both of which are as- 
sociated with marked oligiohydramnios. Their major 
problem was the correct diagnosis of renal agenesis 
when nonvisualization of the fetal bladder and kidneys 
occurred. They noted that when the latter were not 
apparent, this was not pathognomonic for renal agen- 
esis because fetuses so diagnosed were found subse- 
quently to be severely growth retarded with normal 
kidneys. To assist in this most difficult differential di- 
agnosis, the chest circumference is helpful. Although 
the chest circumference can be decreased for gesta- 
tional age with nonrenal-associated intrauterine growth 
retardation, it is in proportion to the fetal head and 
femur. When renal agenesis is present, however, the 
prolonged oligiohydramnios, which begins in the sec- 
ond trimester of pregnancy, results in pulmonary hy- 
poplasia. This is reflected by the disproportionate size 
of the chest circumference when compared to the 
biparietal diameter, head circumference, or femur 
length. 

In conclusion, this study demonstrates the clinical 
usefulness of measuring the chest circumference in 
fetuses with suspected cardiothoracic disproportion 
noted during the real-time examination of the fetal 
chest. Although pulmonary hypoplasia can be observed 
with a number of different syndromes, its presence or 
absence plays a pivotal role in perinatal management. 
By comparing the chest circumference to the biparietal 
diameter, head circumference, abdominal circumfer- 
ence, femur length, and biventricular outer dimension, 
the fetal sonographer has the opportunity to evaluate 
interstructural relationships. If an abnormally small 
chest circumference is observed, clinical management 
of the pregnancy can be specific for the underlying 
problem. 
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Congenital limb reduction deformities and use of 


oral contraceptives 


Anne Kricker, M.P.H., Jane W. Elliott, M.B., B.S., Jill M. Forrest, M.D., and 


Janet McCredie, M.D. 
Sydney, Australia 


A study of congenital limb deficiencies in two Australian states indicated that use of an oral contraceptive 
during pregnancy by the mother was associated with an increased risk of limb defect in the child. The 
study included mothers of 155 children born with absence or reduction of the major long bones during a 
12-year period from 1970 onward; 274 mothers with births of normal infants, matched for date of birth and 
area of residence, made up the control group. Compared with control infants, the case infants were more 
likely to have been conceived while the mother was using an oral contraceptive, especially when the 
deformity was a transverse or amputation type. It is too early in our state of knowledge of teratogenic 
mechanisms to exclude the possible existence of a biologic mechanism that would explain this statistical 


association. (AM J OssteT GYNECOL 1986;155:1072-8.) 


Key words: Congenital limb deficiency, oral contraceptives 


The possible relationship between hormonal expo- 
sure during pregnancy and the occurrence of congen- 
ital limb reduction deformities in the infant has been 
examined in a number of different contexts in the 
United States and in Europe. Nora et al.'* reported 
pregnancy histories of hormonal exposure that in- 
cluded pregnancy tests, therapeutic use, and oral con- 
traception in a collection of cases of the VATER syn- 
drome (vertebral defects, imperforate anus, tracheo- 
esophageal fistula, and radial and renal dysplasia) in 
the United States of America. A case-control study by 
Janerich et al.* examined 108 patients with limb re- 
duction deformity born in New York State from 1968 
to 1973. Among 15 case mothers with a history of ex- 
posure to exogenous sex steroids were six women who 
became pregnant after oral contraceptive failure. More 
recently, in Hungary, Czeizel et al.’ postulated a weak 
association of congenital limb reduction defects in 1975 
to 1978 with hormonal factors, including “break- 
through” pregnancy. This followed a significant in- 
crease in the birth prevalence of congenital limb 
anomalies during this period, which coincided with an 
increase in the use of oral contraceptives and drugs for 
inducing ovulation. 

Among Australian women, McCredie et al. found 
an increased number of limb defects in the offspring 
of mothers who had used an oral contraceptive during 
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their pregnancy in comparison with women who had 
not used an oral contraceptive while pregnant (relative 
risk = 23.9). In this study children with congenital limb 
reduction deformities, born during a 12-year period 
since 1970, were matched with control children of nor- 
mal births from the same residential area and whose 
birthdate was within 2 months of that of the case infant. 
The aim of this article is to present detailed results from 
the same study, including a multivariate analysis that 
incorporated as potential confounders maternal age, 
sex of infant, parity of mother, status of father’s oc- 
cupation, and a number of pregnancy factors. 


Material and methods 


Cases. The study population comprised children 
born alive between 1970 and 1981 inclusive within the 
states of New South Wales and the Australian Capital 
Territory, which together account for one third of all 
Australian births. All case infants had absence or mea- 
surable reduction in length of the major long bones of 
the limbs, of sporadic, nonhereditary occurrence and 
of unknown cause. The obstetrician and/or pediatrician 
was contacted where possible for details of the defor- 
mity. One member of the team measured the long 
bones of the limbs from radiographs, to confirm inclu- 
sion of each as a case. The collection excluded bone 
dysplasias, recognized syndromes of mendelian domi- 
nant inheritance or chromosomal disorder, congenital 
dislocation of the hip, talipes, and deficiencies involving 
only the digits. 

In the search for cases, an appeal was made to all 
possible sources, such as children’s hospitals and clinics, 
obstetricians, orthopedic and other interested medical 
practitioners, and parent groups. To ascertain whether 
any potential cases had been missed, records of all pub- 
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Table I. Duration of stated exposure of 
embryo to oral contraceptive in weeks of 
pregnancy 






Defect 










Exposure after Transverse 
last menstrual period (No.) (No.) 
2 wk 3 l 
4 wk l 5 
(+1 control) 
6 wk 3 2 
3-5 mo 3 





lic hospitals in New South Wales and the Australian 
Capital Territory were checked for notification of cases 
under International Classification of Disease codes 
755.2, 755.3, and 755.4 (reduction deformities of the 
upper limb, the lower limb, and unspecified). The final 
list was believed to be complete at 178 cases that met 
the anatomic, geographic, and temporal guidelines. Of 
these cases, two infants were adopted and therefore 
excluded, eight were overseas or interstate births, two 
refused interview, the physician advised against inter- 
viewing three, and eight could not be located. The final 
case collection for interview was 155 or 87% of the total 
ascertained. 

The defects were of two major anatomic types: trans- 
verse and longitudinal. Those with transverse defects 
(57 cases) had limbs terminating abruptly, like an am- 
putation, with absence of the distal part of that limb. 
The hand or foot was sometimes represented by min- 
iature nubbins or vestigial digits. Longitudinal defects 
(98 cases) were of the dysmelic type, where longitudinal 
bands of limb tissue were lacking, such as an absence 
of radius and thumb, while adjacent bones and digits 
were present and relatively normal. Such cases often 
had dimples indenting the limb in place of the absent 
segments and did not show the nubbin-like vestigial 
digits. 

Controls. Control infants were infants of normal 
births taken from labor ward registers of a represen- 
tative sample of hospitals (17 metropolitan and eight 
rural) to match the cases for date of birth (within 2 
months) and area of residence. The aim was to find 
two controls for each case. Nine women declined to join 
the study and 59 other women could not be located, so 
that the control group numbered 274 or 80% of those 
initially selected. There were 119 case-control sets with 
two controls and 36 with one. 

Interviews. Each woman was interviewed by one of 
three team doctors at the woman’s home or at a suitable 
office. Interviews were held between 1979 and 1982 
and were conducted an average of 4.5 years after the 
birth of the child. A structured questionnaire form was 
used, with standard questions for the parents’ age and 
birthplace, family history of congenital anomaly, and, 
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Table II. Method of contraception before 
pregnancy within case and control groups 









Method of 


contraception 





Oral contraceptive— 
interval between 
cessation of use 
and conception 


>3 mo 58 37 113 4] 
2 mo 10 6 20 7 
l mo 15 10 28 10 
Continued into 18 12 ] 
pregnancy 

Intrauterine contra- 10 7 15 6 
ceptive device 

Other 8 5 23 8 

None 36 23 74 27 





for the pregnancy of interest, prior contraception, ob- 
stetric and medical items, use of alcohol, tobacco, tea, 
and coffee, and exposure to pesticides. 

To ensure that the date of conception used for each 
woman was consistent with other relevant information, 
date of last menstrual period, estimated date of con- 
finement, length of gestation, birth weight, and results 
of any ultrasound examination were compared. In an 
attempt to validate details the woman’s medical prac- 
titioner was contacted for resolution of uncertainty re- 
garding date of conception and for confirmation of 
prescription for all those women who had used an oral 
contraceptive into pregnancy, as well as for a sample 
of the women who had used an oral contraceptive until 
2 months or less before conception. 

Analysis. In all analyses shown in Table V estimates 
of relative risk were made with the use of conditional 
logistic regression appropriate for a matched design’ 
and the GLIM (generalized linear models) program 
used was that developed by Adena and Wilson,’ which 
allows for a variable number of controls. All confidence 
limits stated in Table V were calculated by the test-based 
method of Miettinen.’ Because only one control woman 
was exposed to an oral contraceptive after conception 
(see Table II), the test-based methods are not ideal; the 
limits of the confidence interval derived from test-based 
methods are narrower than are the true limits. In this 
paper, for greater accuracy, “exact” methods have been 
used to estimate the univariate relative risk and con- 
fidence limits associated with postconceptional use of 
the oral contraceptive. 


Results 


Fighteen limb-deficient children and one normal 
control were reported as having been exposed to an 
oral contraceptive during the mother’s pregnancy. With 
the use of “exact” methods, this constitutes a relative 
risk of 30.2 (95% confidence limit 5.3 to 520). Calcu- 
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Table III. Use of oral contraceptive by year of birth within case and control groups 







Controls 
Total 48 18 
Oral contraceptivve taken into l 
pregnancy 
Oral contraceptive stopped 2 mo 8 3 
before pregnancy 
Other* 39 14 
Cases 
Total 27 17 
Oral contraceptive taken into 2 l 
pregnancy 
Oral contraceptive stopped 2 mo 3 2 
before pregnancy 
Other* 22 14 


1970-1972 1973-1975 











1979-1981 


1976-1978 


54 20 71 26 101 36 
12 4 15 6 13 5 
42 15 56 20 88 32 
34 22 40 26 54 35 

6 4 l l 9 6 

9 6 10 6 3 2 
19 12 29 19 42 27 





*None/other methods/oral contraceptive use ceased within 2 months before pregnancy. 


Table IV. Contraception status, including oral contraceptive use at time of conception, by factors related 


to pregnancy within case and control groups 






Control 


(n) 


Factor 





Maternal age 


<24 yr 1] 7 — 

=25 yr 7 5 l 
Parity of birth 

First birth 5 3 — 

Other 13 8 ] 
Sex of child 

Male 7 5 l 

Female 1] ‘| — 
Gestational bleeding 

0-6 wk l 

Other time 4 3 — 

None 13 8 l 
Febrile illness 

First trimester 4 3 — 

None 14 9 l 


Prescribed drugs other than 
hormones and Debendox 


First trimester 12 8 ] 

None 6 4 — 
Smoking 

First trimester 0 7 — 

None 8 5 l 
Paternal occupation 

Unskilled 12 8 — 

Professional/skilled 6 4 l 


Use of oral contraceptive Stopped 1 mo before 
into pregnancy pregnancy 
ETA 







All others* 







Control 


9 6 10 4 41 26 55 20 
6 4 18 7 81 52 190 69 
6 4 10 4 60 39 80 29 
9 6 18 7 62 40 165 60 
9 6 1] 4 75 48 115 42 
6 4 17 6 47 30 130 48 
4 3 2 l 20 13 15 5 
3 2 — 19 12 12 4 
8 5 26 10 83 54 218 80 
2 l 3 l 29 19 11 4 
13 8 25 93 60 234 85 
7 4 8 9 47 30 57 21 
8 5 20 7 75 49 188 69 
7 4 6 2 30 19 54 20 
8 5 22 8 92 59 191 70 
5 3 9 3 51 33 67 24 
10 7 19 7 71 46 178 65 


a 


* All other = none/other methods/ora! contraceptives ceased prior to 1 month before pregnancy. 


lated thus, the estimated risk for postconceptional oral 
contraceptive use is slightly higher than that published 
in our earlier report, and the limits are wider. 
Duration of exposure during pregnancy ranged 
from 2 weeks to 5 months in the 18 cases (Table I). The 
one control mother had taken an oral contraceptive for 


1 month into pregnancy. In contrast to the predomi- 
nance of case mothers among the women who had used 
oral contraceptives close to and into pregnancy, control 
mothers tended to outnumber case mothers in not us- 
ing any form of contraception and in using other meth- 
ods of contraception (Table II). 
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Table V. Relative risk,* confidence limits, and significance level for oral contraceptive use during 
pregnancy and other risk factors 














Potential risk factors 


Contraception 
None/other/oral contra- — 
ceptive use before 
pregnancy 
Oral contraceptive in 23.94 
pregnancy 
Maternal age 
225 yr — 
<24 yr 2.0 
Parity at birth 
Other — 
First 1.7 
Sex of child 
Female — 
Male 1.6 
Gestational bleeding at any 
time during pregnancy 
No — 
Yes 4.3 
Therapeutic hormones 
No — 
Yes 0.8 
Febrile illness 
None — 
First trimester 5.6 
Prescribed drugs other than 
hormones and Debendox 
None — 
First trimester 2.5 
Smoking 
No — 
First trimester 15 
Paternal occupation 
Professional/skilled — 
Unskilled 0 


ho 


Univanate 


Adjusted 


95% Confidence limits 


— 16.6 4,3-64 
1.3-3.1 1.3 0.7-2.3 
1.2-2.6 1.4 0.8-2.4 
1.1-2.3 1.8 1.1-3.0 
2.6-7.2 4.1 2.3-7.4 
0.2-3.4 0.4 0.3-3.4 
3.0-10.5 5.8 2.7-12.4 
1.6-3.9 1:2 0.7-2.2 
1.0-2.5 1.1 0.7-1.9 
1.3-3.0 2.3 1.3-3.8 


Sa 


*All estimates of relative risk in this table were derived from conditional logistic regression with the use of GLIM (see Analysis). 
+Confidence limits were calculated by the test-based method of Miettinen.’ 
The relative risk of 23.9 is from GLIM; with the use of “exact” methods these become relative risk = 30.2 and confidence 


limits 5.3 to 520 (see Results). 


Eight of the exposed case infants had longitudinal 
defects and 10 had transverse limb defects. The lon- 
gitudinal defects were nonspecific (various dysmelic de- 
fects were included) and five infants had other asso- 
ciated internal defects, including cardiac defects, anom- 
alies of ribs and vertebrae, malformation of the ear, 
and imperforate anus. Of the 10 cases of transverse 
defects seven were below-elbow amputations (the major 
type of transverse defect in the series), and two had 
additional defects (cleft lip and palate, talipes). 

Use of an oral contraceptive close to the time of con- 
ception has been examined during the decade of the 
study period (Table III). The period 1973 to 1975 
showed the greatest difference in use between case and 
control women, when 4% of control women were ex- 
posed to the oral contraceptive in the final 2 months 
before pregnancy, while 10% of case mothers were ex- 
posed to an oral contraceptive during this time, in- 


cluding six women who continued its use into preg- 
nancy. 

As the major concern of the present analysis was the 
relative risk of congenital limb deficiency after the use 
of oral contraceptives during pregnancy, other kinds 
of hormonal use were not examined directly. It was 
noted that, in addition to those exposed to an oral con- 
traceptive in pregnancy, the study population included 
two case mothers and one control mother who had 
taken ovulation-inducing drugs before the pregnancy 
and two case mothers who had been subjected to a 
hormonal pregnancy test. Four other control mothers 
and two case mothers had received hormonal therapy 
during pregnancy for bleeding or threatened sponta- 
neous abortion. 

A number of factors in the mothers and in the preg- 
nancies (Table IV) differed between case groups and 
control groups. With the use of GLIM, the univariate 
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Table VI. Oral contraceptive exposure before and during pregnancy by the two types of cases (transverse 
and longitudinal) and their matched controls 









Oral contraceptive 


stopped 2 mo before 
pregnancy 






Type of defect 


Terminal transverse l 2 
(N = 57) 

Matched controls 6 6 
(N = 101) 


Longitudinal 9 9 
(N = 98) 

Matched controls 14 8 
(N = 173) 





relative risk for each factor was calculated as well as an 
adjusted relative risk allowing for potential confoun- 
ders (Table V). Prescribed drugs examined in the mul- 
tivariate analysis included hormonal preparations used 
as treatment for gestational bleeding but excluded the 
antiemetic Debendox, which had been previously re- 
ported by the study team to show no evidence of an 
association with congenital limb deficiency." 

After adjustment for pregnancy and maternal fac- 
tors, the relative risk associated with oral contraceptive 
use in pregnancy was 16.6 (95% confidence limit 4.3 to 
64) (Table V). In this analysis it was shown that low 
socioeconomic status judged by an unskilled occupation 
of the father, sex of the child (male), vaginal bleeding 
at any time during pregnancy, and a febrile illness in 
the first trimester were significant at the 0.05 level, 
while smoking during pregnancy, hormonal therapy, 
maternal age, and parity were not. 

To take into account uncertainty about the date of 
conception, the multivariate analysis was repeated to 
examine a wider group. This group comprised those 
whose reported oral contraceptive usage was within 1 
month before conception, as well as those with postcon- 
ceptional use. The relative risk for oral contraceptive 
use within this time interval was 1.9 (95% confidence 
limits 1.0 to 3.7), although these limits are probably too 
narrow since, with only one exposed control, the test- 
based limits are inaccurate. 

The number of mothers who used an oral contra- 
ceptive 1 month before conception was higher for the 
cases with a transverse defect than for those with a 
longitudinal defect (Table VI). Of the mothers of in- 
fants with transverse defects, three reported no period 
between ceasing an oral contraceptive and conception 
(as did three control mothers, one of whom was 
matched to a transverse case and two of whom were 
matched to longitudinal cases). Five mothers in the 
transverse group who had taken an oral contraceptive 
during pregnancy and one in the longitudinal group 








Oral contraceptive 


stopped I mo before 
pregnancy 





Oral contraceptive 
used into pregnancy 





8 14 10 18 
9 9 _ i 
7 7 8 8 


19 1] l ] 


had changed their brand of oral contraceptive within 
1 to 3 months before conception. 


Comment 


The results of this case-control study suggest that use 
of an oral contraceptive during pregnancy is associated 
with a significantly increased risk of congenital limb 
deficiency. For women who took the drug into preg- 
nancy, the risk was 16.6, after allowing for potential 
confounders, compared with a relative risk of 1.0 as- 
signed to those not doing so. This finding is congruent 
with other studies of congenital limb reduction in which 
intake of oral contraceptives after the time of concep- 
tion has been recorded.'” 

In the Hungarian population an increase in births 
with congenital limb reduction abnormalities in 1975 
to 1978 corresponded to an increase in use of oral 
contraceptives and drugs for inducing ovulation, and 
a causal link was suspected.’ An association linked to 
greater use is not supported in the present study. While 
there has been an increase in recent years in the num- 
ber of children with defects born to women who become 
pregnant while using oral contraceptives (Table II), 
there is an even greater increase in the numbers of 
children with limb defects born to women not using 
oral contraception. In the 23 cases in which the mothers 
were not interviewed for the study, birth dates were 
spread over the whole decade, so that their absence is 
not a source of bias to this potential association. 

There are four possible explanations for the ob- 
served association in the present study: chance, con- 
founding, recall bias, or a causal association. In decid- 
ing whether this association may be causal, the alter- 
natives must be considered. The size of the relative risk 
and the fact that the lower end of the confidence limit 
is at least 2.9 count against the observed result being 
attributable to chance, and the multivariate analysis 
demonstrated that, for the factors considered, con- 
founding was not an explanation. 
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However, control infants were normal and maternal 
recall bias may exist. Some control women may conceive 
while using oral contraceptives and then stop contra- 
ception soon afterward but, without a malformed child 
to prompt detailed introspection, conclude by the time 
of interview that pregnancy occurred after cessation of 
oral contraceptive use. The information from the New 
South Wales study was collected at an interview on an 
average of 4⁄2 years after the birth of a child in the 
years 1970 to 1981. If mothers of malformed infants 
recall antenatal drug exposure more completely than 
do mothers of normal infants, the association observed 
may be attributable to biased recall. 

In the present study both case and control women 
used an oral contraceptive within the month immedi- 
ately before conception (Table II). A similar observa- 
tion was reported by Janerich et al.,* that is, that case 
mothers were likely to become pregnant immediately 
after discontinuation of an oral contraceptive. Figures 
provided by Czeizel et al.’ from the Hungarian Registry 
for 1975 to 1978 are in close agreement with the New 
South Wales—Australian Capital Territory data. In the 
Hungarian study, oral contraceptive use by case moth- 
ers immediately before conception was 1.5 to 2.3 times 
higher than for control mothers. Comparable usage in 
the New South Wales—Australian Capital Territory 
study was 1.15 and 2.3 times higher for the longitudinal 
and transverse groups, respectively, than for the con- 
trol mothers. The transverse terminal group had the 
highest rate, 2.3 times that for controls, in both New 
South Wales—Australian Capital Territory and Hun- 
garian populations. The pattern of oral contraceptive 
usage among mothers of children with limb defects is 
strikingly similar in these two populations and could 
be regarded as more than a coincidence. 

“Breakthrough” pregnancy and congenital limb de- 
fect each represent a rare event. In the New South 
Wales—Australian Capital Territory population, where 
there are 80,000 live births per year, no more than four 
limb-deformed infants per year were born to mothers 
who took an oral contraceptive during pregnancy, a 
rate of 1:20,000 live births. The essential problem is 
not one that involves a large number of women, since 
so few become pregnant during use of an oral contra- 
ceptive.'''’ The problem is why a group of women with 
exposure to an oral contraceptive after conception have 
limb-deficient infants, a finding in three independent 
case-control studies that have aimed for complete as- 
certainment of their case populations, in three different 
parts of the world, New York, Hungary, and New South 
Wales—Australian Capital Territory.** 

If a bias occurred because of misclassification of the 
exposure status of control women, then it has been a 
factor in all three studies. Because the exposure and 
the birth defect are both extremely rare, it is not pos- 
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sible to consider collecting information in a prospective 
design. The preferred design would involve a case- 
control study with a control group of infants with mal- 
formations not believed to be associated with oral con- 
traceptive usage in pregnancy. 

Considering the imperfect state of our understand- 
ing of the pathogenesis of birth defects, it is too soon 
to rule out the existence of a biologic mechanism, as 
yet undefined, which could link oral contraceptive ex- 
posure to congenital limb defects. Such a mechanism 
may not be a simple cause-and-effect reaction involving 
a specific target tissue. 

An attempt has been made in the Australian study 
to examine the role of oral contraceptive exposure after 
controlling for other factors in the maternal history 
while excluding infants with known genetic syndromes, 
as advocated by Wilson and Brent.'*'? However, while 
it has been reaffirmed that there is a group of infants 
with transverse and longitudinal limb reduction defor- 
mities whose mothers have been exposed to oral con- 
traceptives during pregnancy, no firm proposal can be 
made to resolve the dilemma concerning whether there 
is a direct causal relationship. The most appropriate 
conclusion is still that of Nora et al.'®: “The fact that 
every link in causality from hormone receptor to spe- 
cific malformation has not yet been defined does not 
mean that hormone effect does not take place.” 


Associate Professor G. Berry and Ms. C. Rizzo pro- 
vided statistical assistance for the project. 
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Recurrent bilateral renal agenesis 


Purnima R. Sangal, M.D., Steven J. Feinstein, M.D., Prasanta C. Chandra, M.D., and 


Michael R. Spence, M.D., M.P.H. 
Philadelphia, Pennsylvania 


Bilateral renal agenesis is usually a sporadic occurrence; recurrence in the same family is rare. A case of 
recurrent bilateral renal agenesis is presented. (Am J OssteT GYNECOL 1986;155:1078-9.) 


Key words: Bilateral renal agenesis, recurrence, prenatal diagnosis 


Bilateral renal agenesis is rare, occurring in only one 
to two per 10,000 births. Despite its being a sporadic 
event and few reports of familial recurrence, there is 
a male to female ratio of 2.5 to 1.' Its existence is in- 
compatible with extrauterine life and its diagnosis is 
ultimately verified by autopsy. Bilateral renal agenesis 
should be suspected in any pregnancy complicated by 
oligohydramnios, nonvisualization of the fetal bladder, 
and no objective evidence or suspicion of rupture mem- 
branes. Presented is a case of recurrent bilateral renal 
agenesis in an infant born to a 31-year-old white woman 
who herself was diagnosed as having a “horseshoe” 


kidney. 


Case report 

D. W., a 31-year-old white woman, gravida 4, para 
1, was admitted to our institution for an elective ter- 
mination of pregnancy after an ultrasound diagnosis 
of bilateral renal agenesis was made at 19 weeks’ ges- 
tation. A prior scan at 8 weeks’ gestation had confirmed 
the dates. Real-time ultrasound scanning documented 
marked oligohydramnios and nonvisualization of the 
fetal bladder after maternal administration of Lasix. 
Therapeutic abortion was accomplished with intra- 
vaginal prostaglandin E, suppositories. 

Autopsy confirmed the antenatal diagnosis of bilat- 
eral renal agensis and the morphologic findings were 
consistent with Potter’s syndrome. The male fetus 
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Fig. 1. Right and left kidneys are absent. 


weighed 340 gm with both foot length and crown-heel 
length compatible with a 20-week gestation. The ears 
were described as low set and “floppy”; the fetal chin, 
small and receding. The entire left leg was turned out- 
ward from the midline with dorsiflexion of the foot. 
Both lungs were hypoplastic, with a lung to body weight 
ratio of 0.010 (normal >0.015). The thymus was small, 
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weighing 0.5 gm (normal 2.0 gm). The foramen ovale 
and ductus arteriosus were patent, both normal find- 
ings for this age of gestation. The kidneys, ureters, and 
renal vessels were absent bilaterally. Both adrenal 
glands were discoid in shape and filled the areas nor- 
mally occupied by the kidneys (Fig. 1). The urinary 
bladder was hypoplastic and elongated. Both testes 
were undescended. The gastrointestinal tract, placenta, 
and umbilical cord were normal. 


Comment 


D. W., a patient with a known poor obstetric and 
family history, had indications for an early ultrasound 
evaluation of her pregnancy. In 1976, she and her first 
husband had a term healthy male infant. However, af- 
ter remarriage, she suffered a spontaneous abortion at 
6 weeks’ gestation in 1981 and had a stillborn infant at 
30 weeks’ gestation, in 1982, subsequently diagnosed 
as having Potter’s syndrome. With these events in mind 
and with the existence of a sister with microcephaly and 
mental retardation (cause unknown), both she and her 
current husband underwent genetic counseling and 
karyotyping. No specific chromosomal anomaly was 
identified in either parent. D. W. and her husband sub- 
sequently underwent genitourinary evaluation; before 
this second occurrence of a fetus with Potter’s syn- 
drome she was diagnosed as having a fused or “horse- 
shoe” kidney. No genitourinary anomaly was found in 
her husband (Fig. 2). 

Roodhooft et al.* showed that the frequency of renal 
malformations in parents and siblings of probands with 
bilateral or unilateral renal agenesis or renal dysplasia 
was significantly higher than that in a matched control 
group (9% versus 0.3%). Various anomalies cited in 
their review include unilateral renal agenesis, double 
ureters, hydronephrosis, multicystic kidneys, and mul- 
tiple renal cysts. They noted that 30% of parents with 
previously affected babies themselves had a “silent” 
genitourinary malformation. Our patient likewise was 
found to have a “horseshoe” kidney. 
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Fig. 2. Pedigree of family. 
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The cause of recurrent bilateral renal agenesis is un- 
certain and has been postulated to variously represent 
a polygenic multifactorial, autosomal dominant, auto- 
somal recessive, or sex-linked recessive trait. Repeat 
cases of bilateral renal agenesis, unilateral renal agen- 
esis, and renal dysplasia have been reported in the same 
family. It is generally believed that recurrence risk for 
bilateral renal agenesis is between 1% and 3.5%, char- 
acteristic of any multifactorial event. 

With high-resolution ultrasound, bilateral renal 
agenesis is potentially diagnosable as early as the be- 
ginning of the second trimester. The patient must be 
made aware not only of the uniformly fatal outcome 
for the fetus but of the chance of recurrence in a sub- 
sequent pregnancy and the possibility of an associated 
genitourinary anomaly in the parents and siblings. 
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Intrauterine intestinal volvulus with hemoperitoneum 
presenting as fetal distress at 34 weeks’ gestation 


Frank R. Witter, M.D., and Richard A. Molteni, M.D. 


Baltimore, Maryland 


A case of intrauterine intestinal volvulus and hemoperitoneum with symptoms of fetal distress at 34 weeks’ 
gestation is presented. The mechanism of production of late decelerations in this setting is discussed. (Am 


J OssteT GYNECOL 1986;155:1080-1.) 


Key words: Intrauterine volvulus, hemoperitoneum in utero, fetal distress, fetal anemia 


In this report we present a case of prenatal small 
bowel volvulus leading to massive in utero hemoperi- 
toneum and subsequent fetal distress. To our knowl- 
edge, this is the first such reported case. 


Case report 

The patient, a 32-year-old white woman, para 0-0-0- 
0, underwent an oxytocin challenge test at 347 weeks’ 
gestation because of a marked decrease in fetal motion. 
The test was positive (Fig. 1), although a baseline sin- 
usoidal pattern was not noted during antenatal heart 
rate monitoring. The fetal heart rate pattern was non- 
reactive without fetal tachycardia but with poor vari- 
ability. A real-time sonogram revealed an estimated ges- 
tational age by biparietal diameter of 35.9 weeks and 
detected no fetal anomalies. A diagnosis of chronic fetal 
distress was made and the fetus was delivered by ce- 
sarean section. At delivery the infant was a girl weighing 
2200 gm with Apgar scores of 4 at 1 minute and 7 at 
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5 minutes. There was no evidence of abruptio placen- 
tae. The mother’s postpartum course was totally un- 
eventful. 

At birth the infant demonstrated tense abdominal 
ascites with edema of the abdominal and chest walls 
but sparing of the face and extremities. A dark discol- 
oration of the abdominal wall (Cullen’s sign) was ob- 
vious. Color remained dusky, respiratory efforts were 
poor, and the heart rate fell rapidly after birth. Bag 
and mask ventilation was ineffective because of abdom- 
inal distention, and endotracheal intubation and high 
inspiratory pressures were required to maintain an ad- 
equate heart rate. Because of continued difficulty with 
adequate lung inflation a paracentesis was performed 
and 20 ml of old dark blood was removed, after which 
ventilation improved slightly. An umbilical venous line 
was passed and an initial hematocrit was 20%. Blood 
gas values of the infant as determined from the um- 
bilical arterial line were pH, 7.12; POs, 42 mm Hg; Pco,, 
44 mm Hg. Emergency cross-matched O-negative 
blood was pushed via an umbilical venous catheter to 
a total volume of 40 ml. An additional 170 ml of old 
blood was removed from the abdominal cavity with 
improvement in oxygenation. A chest radiograph dem- 
onstrated small bilateral pleural effusions (Fig. 2). 
These were too thick and viscous for effective needle 
thoracentesis and bilateral chest tubes were placed for 
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Fig. 1. Positive oxytocin challenge test. 
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Fig. 2. Initial radiograph demonstrating abdominal fullness, 
ascites, cardiomegaly, and pleural effusion on the right. Um- 
bilical venous and arterial catheters, nasogastric tube, and en- 
dotracheal tube in place. 


drainage. Rapid improvement in respiratory status fol- 
lowed, and there was no evidence of underlying pul- 
monary or cardiac disease on repeat chest film. The 
platelet count was 170,000/mm*. Prothrombin time was 
12 seconds, and partial thromboplastin time was 20.4 
seconds. A barium enema demonstrated a high cecum 
and a somewhat narrow colon. An upper gastrointes- 
tinal series showed an obstruction in the midjejunum 
(Fig. 3). At 48 hours of age the infant underwent an 
exploratory laparotomy. A segmental volvulus involved 
the distal jejunum and proximal ileum. The cecum was 
intact. A total of 59 cm of distal jejunum and 12 cm of 
proximal ileum were resected and a primary anasto- 
mosis was completed. An exact source of the bleeding 
could not be recognized, but bleeding was felt to rep- 
resent venous congestion that followed the volvulus 
with subsequent bowel necrosis and hemorrhage. The 
infant’s postoperative course was uneventful. 


Comment 


This case involves an unusual cause of fetal distress 
as seen on antepartum fetal heart rate monitoring as 
late decelerations with poor variability. Freeman and 
Garite,' in their discussion of late decelerations, em- 
phasized that these are produced by hypoxia with de- 
veloping fetal tachycardia and loss of variability pre- 
dictive of development of acidosis. The cause of late 
decelerations is uteroplacental insufficiency, which is 
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Fig. 3. Oblique film of the abdomen 2 hours after initial upper 
gastrointestinal series demonstrating obstruction in the mid- 


jejunum. 


elicited by the occurrence of intervillous stasis during 
uterine contractions. This case represents a unique sit- 
uation in which the cause of the uteroplacental insuf- 
ficiency was impaired perfusion from the fetal side. 

At birth the infant showed evidence of asphyxia with 
acidosis produced by uteroplacental insufficiency. We 
believe the cause to be compromised placental ex- 
change in which two factors are implicated. Oxygen 
delivery to the fetus is the product of oxygen content 
and blood flow. Oxygen content is related to total cir- 
culating red blood cell number as well as characteristics 
of the hemoglobin molecule, whether fetal or adult in 
type, and local effect of temperature, pH, and carbon 
dioxide level. The significant blood loss and resulting 
anemia would adversely affect this component of fetal 
oxygenation. The tense hemoperitoneum may also im- 
pair umbilical venous return to the heart and, there- 
fore, cardiac output. This same phenomenon is rec- 
ognized during peritoneal infusion of red blood cells 
in infants with severe erythroblastosis. The hazard to 
the fetus from this increase in intraperitoneal pressure 
has been well documented in the baboon model by 
Crosby et al.” The combined effects of both factors 
might then explain the repetitive decelerations noted 
in the prepartum period. 
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Zinc status in women with recurrent vulvovaginal candidiasis 


Joel Edman, M.S., Jack D. Sobel, M.D., and M. L. Taylor, Ph.D. 


Philadelphia, Pennsylvania 


Zinc status has been shown to influence various cell-mediated immunologic mechanisms. These cell- 
mediated mechanisms are important in preventing mucocutaneous infections caused by Candida albicans. 
This study evaluated the relationship between zinc status and recurrent vaginal candidiasis by comparing 
plasma and erythrocyte zinc in 29 patients with recurrent vaginal candidiasis and 20 control subjects 
matched for age, race, and parity. The results indicated that there was a significantly lower level of plasma 
zinc in women with recurrent vaginal candidiasis (81 + 11.6 mg/dl) than in the control subjects (91 + 14.2 
mg/dl) with a significant value of p = 0.015. These differences in plasma zinc levels were even greater 
when adjusted for dietary zinc and supplemental zinc with the use of analyses of covariance. No 
differences in erythrocyte zinc measurements were found between the two groups. These results suggest 
that mild zinc deficiency is associated with recurrent vaginal candidiasis and may play a role in the 
susceptibility of women to recurrent vaginal candidiasis. (AM J OBsTeT GYNECOL 1986;155:1082-5.) 


Key words: zinc; vulvovaginal candidiasis, recurrent 


The cause of recurrent vulvovaginal candidiasis in 
women remains an enigma.' The majority of these 
women have been shown to lack recognized predis- 
posing factors such as diabetes millitus, oral contracep- 
tive use, and antibiotic administration. ' 

Several investigators” * have demonstrated Candida 
antigen-specific defects in T-lymphocyte function in 
women with recurrent candidal vaginitis. The most 
consistent finding has been that of diminished in vitro 
lymphoblastic transformation when lymphocytes were 
exposed to Candida antigen.” * Since zinc deficiency has 
been shown to impair immunologic mechanisms, par- 
ticularly cell-mediated immunity, this study was un- 
dertaken to measure the zinc status in this problematic 
population and to compare levels with those of women 
who had never suffered from vaginal yeast infection. 


Methods 


Assessments of zinc status and zinc intake were de- 
termined once for each subject. This required plasma 
and red blood cell zinc measurements from one blood 
sample and dietary analysis from 24-hour recalls and 
2-day food records. 


Subjects 


The subjects with recurrent vaginal candidiasis all 
satisfied a case definition of at least three documented 
episodes of acute Candida vaginitis in the 12-month 
period before the present study. Documentation of can- 
didal vaginitis was confirmed by microscopic demon- 
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stration of pseudohyphae in vaginal secretions and iso- 
lation of Candida on culture on Sabouraud’s glucose 
agar. 

The control subjects, who were matched for age, 
race, and parity, were volunteers, predominantly 
nurses and female medical students. None of the con- 
trol subjects had ever been diagnosed as having vaginal 
candidiasis. Table I provides the demographic data of 
both groups. Criteria for exclusion included conditions 
known to influence zinc status: inflammatory diseases, 
recent myocardial infarction or operation, chronic de- 
bilitation or malabsorption states, chronic infections 
other than candidiasis, and corticosteroid use. None of 
the subjects was pregnant and all were premenopausal. 

Comparable numbers of subjects who were taking 
various levels of zinc supplements, oral contraceptive 
agents, and thyroid medications were included in each 
group in this study. Seven subjects with recurrent vag- 
inal candidiasis (24.1%) were taking zinc-containing 
supplements, while five control subjects (25.0%) were 
taking zinc-containing supplements. In addition, one 
subject with recurrent vaginal candidiasis was receiving 
a low-level estrogen medication, one subject in the re- 
current vaginal candidiasis group had an ileostomy, and 
one subject in each group had arthritis and was taking 
a nonsteroidal, anti-inflammatory agent. 

This study was approved by the Committee for the 
Protection of Human Subjects at the Medical College 
of Pennsylvania and all subjects provided informed 
consent. 

Zinc determinations. Blood samples were drawn be- 
tween 8:30 and 10:30 a.m. after an overnight fast. To 
avoid zinc contamination and hemolysis, samples were 
collected in plastic syringes containing zinc-free hepa- 
rin. Plasma was then separated from red blood cells by 
centrifugation at 4° C and stored in zinc-free plastic 
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Table I. Demographic data of recurrent vaginal candidiasis group and control group 












No. of 





subjects 
Recurrent vaginal 29 17.2 
candidiasis 
Control 20 15.0 


Table II. Comparison of plasma zinc measurements in women with recurrent vaginal candidiasis and 
control subjects* 











Plasma zinc (g/dl) 


t Test result 





Recurrent vaginal candidiasis group 


Zinc-supplemented subjects (n = 7) 87 + 5:6 80.1-94.4 

Non—zinc-supplemented subjects (n = 22) 79 + 12.4 58.0-110.3 t = 2.41, p = 0.024 
Control group 

Zinc-supplemented subjects (n = 5) 95 + 20.8 78.0-123.3 

Non—zinc-supplemented subjects (n = 15) OL + 215 70.6-114.2 t = 0.42, p = 0.700 
Zinc-supplemented subjects: 

Recurrent vaginal candidiasis group (n = 7) 87 + 5.6 80.1-94.4 

Control group (n = 5) 95 + 20.8 78.0-123.3 t = 0.74, p = 0.520 
Non—zinc-supplemented subjects: 

Recurrent vaginal candidiasis group (n = 22) 79 + 12.4 58.0-110.3 

Control group (n = 15) 91 + 12.5 70.6-114.2 t = 2.62, p = 0.015 


*Supplementation was assessed at the beginning of the study and results were not influenced by it. 


Table III. Comparison of dietary zinc, energy, and protein intake between the recurrent vaginal 
candidiasis group and the control group 





Recurrent vaginal candidiasis group o-+ 2.5 
(n = 28) 
Control group (n = 18) if 2 22 






Protein 


(gm) 





— 1731 + 378 69 + 17.2 


t = 1.34, 
p = 0.19 


1462 + 275 58 + 14.7 


Results are based on the 3 days of data collected from the 24-hour recalls and 2-day food records. 


Falcon tubes at — 70° C. The remaining red blood cells 
were then washed and centrifuged three times with 
refrigerated saline solution, to eliminate traces of 
plasma zinc and remove white blood cells and other 
organic materials. The red blood cells were also stored 
in zinc-free plastic Falcon tubes at — 70° C. 

Zinc concentrations were determined by atomic ab- 
sorption spectrophotometry with a Perkin Elmer Model 
4000 atomic absorption spectrophotometer. Plasma 
zinc was measured directly, after a 1:5 dilution with 
distilled deionized water.’ Red blood cell zinc was de- 
termined by atomic absorption spectrophotometry af- 
ter a wet ashing procedure with the use of zinc-free 
concentrated nitric acid.° 

Dietary zinc intake was assessed from 3 days of food 
consumption records collected from one 24-hour recall 
and one 2-day food record. These records were then 


coded and tabulated by the University of Massachusetts 
Nutrient Data Bank. 

Statistical analysis. Statistical comparisons were 
made with Student’s ¢ test for comparing unpooled 
mean differences. In addition, a x? test was used to 
compare plasma zinc levels of subjects with recurrent 
vaginal candidiasis and control subjects. 


Results 


Plasma and erythrocyte (red blood cell) zinc levels. 
The results of plasma zinc measurements in the two 
groups of women are shown in Table II. The mean 
plasma zinc concentration in the recurrent vaginal can- 
didiasis group was 87 + 5.6 pg/dl (mean + SD) in 
zinc-supplemented women and 79 + 12.4 g/dl in 
non—zinc-supplemented women. In the control group, 
mean plasma zinc levels were 95 + 20.8 and 91 + 
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Fig. 1. Plasma zinc levels in women with recurrent vaginal 
candidiasis and control subjects. 


12.5 wg/dl in zinc-supplemented and non—zinc-supple- 
mented women, respectively. The mean plasma zinc 
concentration was significantly lower in women with 
recurrent vaginal candidiasis not receiving zinc sup- 
plements when compared with the control nonsupple- 
mented women (p = 0.015). Furthermore, since zinc 
deficiency is usually defined as <70 pg/dl, it is of in- 
terest that five of 29 women with recurrent vaginal 
candidiasis had a plasma zinc concentration <70 pg/dl 
(Fig. 1) in comparison with none of 20 control women 
(x? = 3.42, p > 0.05). Comparison of the women in 
both groups who were receiving zinc supplements re- 
vealed that the mean plasma zinc concentration was also 
lower in women with recurrent vaginal candidiasis 
(87 + 5.6 g/dl) than in the control groups (95 + 20.8 
weg/dl), but this difference was not statistically signifi- 
cant (p = 0.52). When the two groups were compared 
irrespective of zinc supplementation, the recurrent vag- 
inal candidiasis group had a mean plasma level of 
81 + 11.6 g/dl while the control group had a mean 
plasma zinc concentration of 92 + 14.2 wg/dl, the dif- 
ference being statistically significant (p = 0.015). 

Comparison of erythrocyte (red blood cell) zinc levels 
in the two groups (range 10.9 to 21.5 ug/gm of red 
blood cells) revealed a mean red blood cell zinc 
measurement of 14 + 2.3 ug/gm of red blood cells 
(mean + SD) in women with recurrent vaginal candi- 
diasis and 13 + 1.5 wg/gm of red blood cells (range 
10.8 to 15.9 g/gm of red blood cells) in the control 
group (p = 0.44). The five women with recurrent vag- 
inal candidiasis with zinc deficiency all had red blood 
cells zinc concentrations at the lower limit of normal 
values. 

Dietary zinc. The dietary information that was based 


November 1986 
Am J Obstet Gynecol 


on 3 days of food consumption data is presented in 
Table III. The mean zinc intake was 8 + 2.5 mg for 
the recurrent vaginal candidiasis subjects and 7 + 
2.2 mg in the control subjects. Although these results 
were both below the Recommended Dietary Allowance 
for zinc,° they were not significantly different (p = 
0.190). With regard to total energy and protein content, 
included as a measure of the overall dietary adequacy, 
analysis revealed 1742 + 382 kcal of energy for the 
recurrent vaginal candidiasis group and 1463 + 275 
kcal of energy for the control group and 69 + 17.2 gm 
of protein for the recurrent vaginal candidiasis group 
and 58 + 14.7 gm of protein for the contro! group. 
These results were adequate in comparison to the Rec- 
ommended Dietary Allowance® and they were similar 
to those of other dietary surveys.’ * 


Comment 


Dietary zinc deficiency is a prevalent form of nutri- 
tional deficiency in adult subjects.” Zinc deficiency is 
associated with depression of a number of cellular im- 
mune functions, including delayed-type hypersensitiv- 
ity, T-helper cell activity, development of cytotoxic T 
cells, natural killer cell activity, and mitogen-induced 
T-lymphocyte proliferation. Recently Salvin and 
Rabin'® (1984) demonstrated that zinc deficiency re- 
duced the immunity of inbred strains of mice to infec- 
tion with C. albicans, while zinc excess or sufficiency 
promoted resistance to candida infection. Resistance to 
infection was associated with the release of lymphokines 
in vivo into the circulation, an immune phenomenon 
associated primarily with cell-mediated immunity. Thus 
zinc deficiency has a broad effect on immune responses 
but precisely how the activities of macrophages, T lym- 
phocytes, and other lymphoid cells are affected is not 
yet understood. 

The mechanism whereby women are susceptible to 
repeated and chronic vulvovaginal infections caused by 
C. albicans is poorly understood. The majority of these 
women lack recognized predisposing factors.' Never- 
theless, several investigators have described depressed 
T-lymphocyte function, particulary with regard to 
the in vitro response of T lymphocytes to candida anti- 
gen.” * Accordingly we postulated that mild or mod- 
erate zinc deficiency may be a possible contributory 
factor to the impaired T-lymphocyte response partic- 
ularly in light of Salvin and Rabin’s observation that 
zinc deficiency increased susceptibility to Candida in- 
fection in parallel with decreased cell-mediated im- 
munity. 

In the present study we found that women with re- 
current vaginal candidiasis had significantly lower 
mean plasma zinc levels than women who had never 
suffered from an episode of Candida vaginitis. More- 
over five of the 29 recurrent vaginal candidiasis patients 
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had low plasma levels of zinc compatible with zinc de- 
ficiency. This observation, however, is still inconclusive 
in proving that zinc deficiency contributed to the re- 
curring Candida infections. Additional studies are re- 
quired to verify zinc deficiency by more sensitive esti- 
mates of zinc status including measurement of leuko- 
cyte zinc concentrations and urinary zinc excretion. 
Furthermore we are unable to reconcile the low plasma 
zinc levels with normal erythrocyte zinc concentrations 
although other investigators” '’ have made similar 
observations in patients with liver disease and normal 
zinc-depleted men. Additional studies are required to 
correlate zinc status in women with recurrent vaginal 
candidiasis and in vivo and in vitro measurement of 
cell-mediated immunity, particularly with regard to re- 
sponse to Candida antigen. Finally controlled longitu- 
dinal studies are necessary to correlate the effects of 
zinc supplementation with immune status in susceptible 
women and to evaluate the effects of zinc supplemen- 
tation on the clinical recurrence rate of Candida vaginal 
infection. It is also evident that even if this hypothesis 
is proved, not all women with recurrent susceptible 
Candida vaginitis had evidence of zinc deficiency and 
some were already receiving zinc supplements. 

In conclusion this pilot study detected lower plasma 
zinc levels in women prone to recurrent Candida vaginal 
infection and the preliminary data obtained suggest 
that additional studies are justified. In the light of the 
available data correlating acquired zinc deficiency with 
reduced T-lymphocyte function, a parameter known 
to be impaired in women with recurrent vaginal can- 
didiasis, zinc deficiency may be a contributing factor in 
some women with recurrent vaginal candidiasis. 
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Lead and cadmium concentrations in maternal and umbilical 


cord blood, amniotic fluid, placenta, and amniotic membranes 


Heikki Korpela, D.V.M., M.D., Reijo Loueniva, M.D., Erkki Yrjanheikki, Ph.D., and 


Antti Kauppila, M.D., Ph.D. 
Oulu, Finland 


The lead and cadmium concentrations in maternal and umbilical cord blood and amniotic fluid were 
determined in 19 parturient women at delivery. Six placental and amniotic membrane tissue specimens 
were also investigated. The mean lead concentrations (mean + SD) in maternal (40.4 + 18.2 ng/ml) and 
umbilical cord (37.1 + 13.5 ng/ml) blood were similar and correlated significantly with each other 

(r = 0.77, p < 0.001). The lead concentration in amniotic fluid (59.6 + 8.3 ng/ml) was significantly higher 
than in maternal or umbilical cord blood. Cadmium concentrations in maternal blood (1.1 + 0.9 ng/ml) and 
amniotic fluid (1.0 + 0.2 ng/ml) were significantly higher (p < 0.001) than in umbilical cord blood 

(0.4 + 0.2 ng/ml) and there was no significant correlation among these values. The highest concentrations 
of cadmium (35.1 + 24.2 ng/gm of wet weight) and lead (87.3 + 154.2 ng/gm of wet weight) were found 
in the amniotic membranes. Our results show that lead and cadmium accumulate in amniotic fluid and 
amniotic membranes and that the distribution of lead and cadmium is different in the human 
maternal-fetoplacental unit. The fetal exposure to lead is similar and that to cadmium, lower, compared 
with maternal exposure. The inability of the placenta to totally prevent the fetus from exposure to lead and 
cadmium suggests that pregnant women should avoid occupations where exposure to these toxic 


elements is possible. (AM J OBSTET GYNECOL 1986;155:1086-9.) 


Key words: Lead, cadmium, pregnancy 


The heavy metals lead and cadmium are toxic ele- 
ments for both humans and animals. The available data 
suggest that lead and cadmium may cause adverse fetal 
effects during human pregnancy. 

The toxicity of lead is particularly related to the cen- 
tral nervous system, which is known to be sensitive to 
the toxic effects of lead.' In addition, the central ner- 
vous system of infants and especially of fetuses is more 
sensitive than the central nervous system of adults to 
the adverse effects of lead.* A subtoxic blood lead level 
has also been reported to increase the risk of premature 
delivery and premature rupture of the membranes.’ 

Cadmium has mutagenic, teratogenic, carcinogenic, 
and embryotoxic effects.*° It may also retard fetal 
growth.’ Furthermore, increased lead and cadmium 
concentrations have been found in the bones of still- 
born and malformed infants.’ Hence it is important to 
investigate further the toxicity of lead and cadmium 
and their distribution in the fetomaternal compart- 
ments. For this reason we determined the concentra- 
tions of lead and cadmium in maternal and fetal blood 
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and amniotic fluid at delivery in 19 women. In addition 
six specimens of placental tissue and amniotic mem- 
branes were also investigated. 


Material and methods 


Nineteen parturient women aged 17 to 42 years were 
investigated. Eight of them were primigravid whereas 
the others had given birth to one to 13 children. Preg- 
nancy was uncomplicated in 15 women and compli- 
cated by jaundice of pregnancy, Rh incompatibility, hy- 
pertension, and premature uterine contractions in one 
case each. Two of the women were smokers. All women 
were delivered at term and their children (five boys, 14 
girls) were healthy, weighing from 2490 to 4450 gm. 

Amniotic fluid specimens were taken by amniocen- 
tesis during delivery and whole blood samples were 
obtained from the mother and the umbilical cord im- 
mediately after delivery. In six cases specimens from 
fetal membranes and placenta were also taken. All sam- 
ples were frozen immediately and stored at —20° C 
until analyzed. 

Lead and cadmium concentrations were determined 
by atomic absorption spectrophotometry with the Per- 
kin-Elmer Model 603 atomic absorption spectropho- 
tometer. In the case of lead determination 10 wl of 
blood was pipetted into a nickel cup and dried on a 
tray in the oven at 140° C for 30 seconds. After the 
flame of the ignited sample had disappeared, the qup 
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Fig. 1. Lead concentration in maternal and umbilical cord 

blood and amniotic fluid in 19 deliveries. 


was pushed 3 mm below the center of the silica tube 
for atomization. The integrated peak area (6 seconds) 
was recorded at the lead resonance line 283.3 nm, with 
background correction. When cadmium was analyzed, 
20 wl of blood was used and before drying 20 ul of 3% 
ammonium phosphate was added to the sample and 
absorption was measured at the cadmium resonance 
line 228.8 nm. At least four replicated determinations 
were done with each sample. 

Student's ¢ test and regression analysis were used for 
the statistical analysis of the data. 


Results 


The mean (+SD) whole blood lead concentrations 
in maternal blood (40.4 + 18.2 ng/ml) and umbilical 
cord blood (37.1 + 13.5 ng/ml) were similar and 
correlated significantly with each other (r = 0.77, 
p < 0.001) (Fig. 1). The lead concentration in amniotic 
fluid (59.6 + 8.3 ng/ml) was significantly higher than 
in maternal (p < 0.001) or umbilical cord (p < 0.001) 
blood, and it did not correlate with maternal or um- 
bilical cord blood lead concentrations. 

„Maternal blood (1.1 + 0.9 ng/ml) and amniotic fluid 
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Fig. 2. Cadmium concentration in maternal and umbilical cord 
blood and amniotic fluid in 19 deliveries. 





(1.0 + 0.2 ng/ml) cadmium concentrations were sig- 
nificantly higher (p < 0.001) than umbilical cord blood 
concentrations (0.4 + 0.2 ng/ml), and there was no sig- 
nificant correlation between them (Fig. 2). There was 
a tendency for lead (87.3 + 154.2 ng/gm of wet weight) 
and cadmium (35.1 + 24.2 ng/gm of wet weight) to 
accumulate more in the amniotic membranes than in 
the fetal and maternal blood (Table I). Cadmium also 
had a tendency to accumulate in the placenta. 


Comment 


Our results show that lead and cadmium accumulate 
in amniotic fluid and fetal membranes and that the 
distribution of lead and cadmium is different in the 
human maternal-fetoplacental unit. 

The findings that the concentrations of lead in the 
maternal and umbilical cord blood are similar and cor- 
relate significantly with each other confirm that lead 
crosses the placental barrier. Hence the lead exposure 
is similar for the fetus and the mother.* * Lead also 
crosses the blood-brain barrier.” According to the avail- 
able data the central nervous system is sensitive to the 
toxic effects of lead, and consequently prenatal lead 
exposure may damage the brain of the fetus." ” 

The concentration of cadmium in the maternal blood 
was significantly higher than in the umbilical cord 
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Table I. Lead and cadmium concentrations in maternal and umbilical cord blood, amniotic fluid, placenta, 


and amniotic membranes 





Lead 
No. of samples 19 19 
Mean 40.4 $7.1 
SD 18.2 13.5 
Cadmium 
No. of samples 19 19 
Mean 1.1 0.4 
SD 0.9 0.2 


blood, and these concentrations did not correlate sig- 
nificantly with each other. These findings are in agree- 
ment with those of previous studies.™'® The placental 
barrier thus inhibits the transfer of cadmium from the 
mother to the fetus and protects the fetus from cad- 
mium exposure. However, experiments on rats show 
that the placenta effectively protects the fetus from 


cadmium exposure only during the last trimester of 


gestation.'' Although the data obtained in pregnant rats 
cannot be compared to human data it is possible that 
the human embryo is not protected from cadmium ex- 
posure during early pregnancy. 

The present and previous studies show that cadmium 
accumulates in the placenta.*'® This phenomenon is 
probably hazardous since in animal studies cadmium 
altered placental structure and function, findings in- 
dicating cadmium to be embryotoxic.!® '* 

Lead and cadmium accumulated in amniotic fluid in 
this study. The concentration of lead in amniotic fluid 
was about 1.6 and that of cadmium about 2.5 times 
higher than in umbilical cord blood. Fetal membranes 
showing high concentrations of lead and cadmium may 
reabsorb lead and cadmium from the amniotic fluid 
and thus participate in the elimination of these toxic 
metals from the fetus. 


In the literature the mean blood concentration of 


lead has been between 57 and 300 ng/ml'*** '" and 
that of cadmium between 0.3 and 7 ng/ml." > *'" 
Hence the maternal blood concentrations of lead in our 
study were lower than these reference levels and those 
of cadmium were within these reference levels. None 
of the study subjects had work that had included a risk 
of occupational exposure to lead or cadmium. The risk 
of lead exposure may occur in the lead and rubber 
industries, in the production of glazes, glass, and enam- 
els, and in the manufacture of polymers.’ * Cadmium 
exposure is possible in the cadmium industry, the 
metal-plating industry, the production and use of cad- 
mium pigments and cadmium-containing plastic sta- 
bilizers, and the manufacture of nickel-cadmium bat- 
teries.” * According to the recommendations of the 
World Health Organization study group, women of re- 





Maternal blood Fetal blood 
(ng/ml) (ng/ml) 








Amniotic fluid 
(ng/ml) 






Amniotic membranes 


(ngigm) 


Placenta 
(ng/gm) 


19 6 6 

59.6 22.6 87.3 
8.3 15.7 154.2 

19 6 6 
1.0 20.4 35.1 
0.2 14.4 24.2 


productive age ought to be restricted from working in 
areas where exposure to lead could cause blood con- 
centrations of lead higher than 300 ng/ml and those of 
cadmium 10 ng/ml.” With respect to the fetus, corre- 
sponding harmful blood concentrations have not been 
exactly defined. As stated above, the placental barrier 
partly protects the fetus from cadmium but not from 
lead exposure. Because the developing brain is prob- 
ably more vulnerable than the mature brain to the toxic 
actions of lead, a level even lower than 300 ng/ml may 
be dangerous.” '* 

The major source of cadmium exposure is cigarette 
smoking. The degree of the risk of the fetus to cad- 
mium exposure likely depends on gestational age, be- 
cause of the possible differences in the ability of the 
placenta to handle cadmium and the number of ciga- 
rettes smoked a day. It is known that one cigarette a 
day, for many reasons, diminishes the weight of the 
newborn infant by about 9 gm. A significant corre- 
lation exists between blood cadmium and the number 
of cigarettes smoked daily. Smoking one cigarette a day 
has been shown to increase the blood cadmium level 
by about 0.1 ng/ml.'* The total avoidance of cigarette 
smoking during pregnancy is also recommended on the 
basis of the toxic effects of cadmium. 
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Localization of an estrogen-responsive protein in the human 
cervix during menstrual cycle, pregnancy, and menopause and 
in abnormal cervical epithelia without atypia 


Daniel R. Ciocca, M.D., Libertad A. Puy, M.D., and Gioconda Lo Castro, M.D. 


Mendoza, Argentina 


The presence and distribution of an estrogen-responsive protein with a molecular weight of 28,000 were 
investigated in the human cervix with use of a monoclonal antibody. This biochemical marker protein was 
localized with a light microscope and by immunocytochemical studies of the different cell types and cell 
layers of the cervix. The study involved 60 patients, 48 of whom were sexually active, eight pregnant, and 
four in menopause; strips of endometrial tissue were analyzed in 22 patients. In cycling women the 
estrogen-responsive protein was identified in the subcolumnar cells of the endocervix, whereas in the 
ectocervix the protein was detected mainly in the parabasal and intermediate cell layers but alternating 
with unstained areas. There were no significant variations in the presence of the protein in the ectocervical 
and endocervical epithelium during the different phases of the menstrual cycle. During pregnancy a more 
intense and homogeneous immunostaining of the protein was seen in the ectocervix, endocervical areas 
with squamous metaplasia showed strong estrogen-responsive immunostaining, and predecidual and 
decidual cells were positive for the protein. There were no prominent changes in the presence and 
distribution of the protein in the abnormal ectocervical samples without atypia. However, in the endocervix 
the protein detection was useful to follow the evolution of the subcolumnar cells to simple squamous 
metaplasia. These samples displayed intense estrogen-responsive immunostaining. No immunoreaction 
was observed in the cervix of menopausal women. The results of the present study have shown that (1) 
the response of the normal uterine cervix to estrogenic influence is heterogeneous in different cervical cell 
types and in different sites within the same cell layer; (2) during the normal menstrual cycle the capability 
of response of the cervical cells to variations of estrogen levels is limited when compared with the 
endometrium; and (3) during pregnancy and in the process of indirect squamous metaplasia some of the 
cervical cells seem to be very reactive to estrogenic stimulation. This study defines the normal baseline for 
further analysis of the estrogen-regulated protein in the uterine cervix during abnormal growth. (Am J 


OssteT GYNECOL 1956;155:1090-6.) 


Key words: Estrogen-responsive protein, human uterine cervix, sex steroids, 


immunocytochemistry 


The uterine cervix, like other tissues of the female 
reproductive tract, is a target for sex hormones. Estro- 
gens and progesterone influence the synthesis of mucus 
by the endocervix' as well as the proliferation of sub- 
columnar cells*; during pregnancy they sometimes in- 
duce hyperplastic and dysplastic changes in the cervical 
epithelium.” However, the degree of sensitivity of the 
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cervix to estrogens and progesterone is not completely 
clear. The portio externa of the human cervix did not 
reveal changes in cell renewal and protein synthesis 
during the two phases of the menstrual cycle.’ Estrogen 
receptor concentrations in the human cervix remain 
almost constant throughout the menstrual cycle, and 
progesterone binding site concentrations are higher in 
the proliferative phase; however, the concentrations of 
these two receptors are lower than in the endome- 
trium." ê 

The present study was performed to advance our 
understanding of the sensitivity of the uterine cervix 
to estrogen stimulation, analyzing the localization of a 
protein with a molecular weight of 28,000 regulated by 
this hormone.” This protein was first found in the hu- 
man breast cancer cell line MCF-7; its function is at 
present unknown, but it is of interest as a biochemical 
marker of postreceptor events in estrogen target cells 
and tissues." In the human endometrium it undergges 
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Fig. 1. Normal cervical samples stained with hematoxylin and eosin (A) or immunostained with the 
C11 monoclonal antibody (B through F). A and B, Subcolumnar cells (arrow) appear in a crypta of 
the endocervix (A), and in the serial section (B) they show estrogen-responsive immunostaining. 
(A x 380. B x 760.) C, Ectocervical epithelium from a patient in early proliferative phase showing 
the distribution of the estrogen-responsive protein; note the lack of immunostaining in the superficial 
cell layer (S). (X 165.) D, Intracellular localization of the protein in the parabasal cell layer of the 
ectocervical epithelium. Note the unstained clear halo around the nuclei. (Hematoxylin counter- 
staining X 1400). E and F, Distribution of the protein in the ectocervical epithelium from a patient 
in late proliferative stage (E) and during early secretory phase (F). Asterisk shows a papilla. (E; x 200. 


F; x 170.) 


quantitative changes during the various phases of the 
menstrual cycle, and it has also been studied in patients 
with endometrial hyperplasia and neoplasia.” Its detec- 
tion by immunocytochemical findings allows evaluation 
of the site of steroid effect on the different cell pop- 
ulations within the cervix, which is difficult to perform 
by biochemical means. The protein was evaluated by 
immunocytochemistry in cervical samples obtained 
throughout the menstrual cycle, during pregnancy, and 
during menopause. Abnormal epithelia from cervices 
without atypia were also examined. 


Material and methods 


Monoclonal antibody. Mouse monoclonal C11 an- 
tibody of IgG1 subclass was used; this antibody against 
the estrogen-responsive protein purified from MCF-7 
cells’ was provided by Dr. W. L. McGuire, D. J. Adams, 
and D. P. Edwards of San Antonio, Texas. The antibody 
was partially purified from mouse ascites fluid and used 


at a concentration of 5 pg/ml, a dilution that gives spe- 
cific immunostaining.’ 

Tissue samples. The study involved 60 patients, 48 
of whom were sexually active outpatients, eight were 
pregnant, and four were in menopause; they were not 
receiving exogenous hormones. The first group of pa- 
tients was in the age range of 18 to 46 years. For the 
study of 28K protein during menstrual cycle, a strip of 
endometrial tissue and a punch biopsy of the cervix 
were obtained simultaneously for histologic examina- 
tion. From all of the sexually active women examined, 
only those with regular cycles (n = 22) participated in 
the evaluation of 28K protein during menstrual cycle. 
In all of the cases, the samples of the cervix were ob- 
tained by punch biopsy. The tissue samples were im- 
mediately fixed in 10% formalin. Paraffin serial sec- 
tions, 5-6 wm thickness, mounted on gelatinized slides, 
were either stained with routine hematoxylin and eosin 
or immunostained. For dating of the endometrium, the 
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Fig. 2. Cervical samples from pregnant women immunostained with the C11 monoclonal antibody. 
A, Ectocervical epithelium showing a more intense and homogeneous estrogen-responsive immu- 
noreaction (compare with Fig. 1, C, E,and F). (x 165.) B, Mature squamous metaplasia of the 
endocervical epithelium displaying intense immunostaining. Note the positive immunostaining in 
predecidual cells also. (x 175.) C and D, Serial sections from an endocervical crypta showing positive 
immunostaining restricted to the foci with early metaplasia (Section C was counterstained with 
hematoxylin. x 170.) E, Variable immunostaining intensity is seen in these conspicuous decidual 


cells. ( xX 420.) 


day of the last menstrual cycle was corroborated by 
histologic examination of the endometrial tissue.'' The 
normal cervical samples were arranged into the follow- 
ing phases of the menstrual cycle; three in early, four 
in mid, and six in late proliferative stage, and three in 
early, three in mid, and three in late secretory phase. 

Microscopic study. Sections for immunostaining 
were deparaffinized and stained with the avidin-biotin- 
peroxidase complex system (Vector Laboratories, Bur- 
lingame, California) as described elsewhere. Control 
slides were incubated either with C11 antibody preab- 
sorbed with the estrogen-responsive protein or with 
phosphate buffer solution. The tissue samples were ob- 
served and photographed with a Zeiss IM35 micro- 
scope with use of differential interference contrast op- 
tics whenever required. When positive immunostaining 
appeared, it was semiquantitatively graded on an ar- 
bitrary three-point scale: (1) light staining, (2) moderate 
staining, and (3) strong staining. 


Results 


Normal cervix. In the endocervical epithelium the 
estrogen-responsive protein could be found only in the 


subcolumnar “basal” cells located on the basement 
membrane (Fig. 1, A and B). Most of these cells dis- 
played weak estrogen-responsive immunoreaction in 
the cytoplasm, and a few of them remained unstained. 
The epithelium of nabothian cysts showed the estro- 
gen-responsive protein in ciliated cells, and stromal 
cells were always negative for estrogen-responsive im- 
munostaining. This immunocytochemical pattern of 
the endocervix did not change during the different 
phases of the menstrual cycle. 

In the ectocervical epithelium the estrogen-regulated 
protein was observed in the cytoplasm of parabasal and 
intermediate cells with weak or moderate staining in- 
tensity (Fig. 1, C). In these cells, the protein was absent 
in the perinuclear zone filled with glycogen deposits.” 
Superficial epithelial cells as well as stromal cells re- 
mained unstained. However, the immunostaining pat- 
tern of the protein in the squamous epithelium was not 
homogeneous, since there were areas displaying very 
weak estrogen-responsive staining or even a lack of the 
protein in all of the squamous cell layers (Fig. 1, C, E, 
and F). Sometimes intense estrogen-responsive im- 
munoreaction could be seen in the basal cell layer lo- 
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Table I. Presence of the estrogen-regulated protein in abnormal epithelia without atypia 





Endocervix 
Subcolumnar cell hyperplasia 5/5 
Squamous metaplasia 16/16 
Adenomatous hyperplasia 0/1 
Ectocervix 
Regenerative basal hyperplasia 7/8 
Acanthosis 9/9 
Elongated papillae 4/10 


Protein incidence* 





Protein distribution 


Protein intensity 


5 as Homogeneous 
+ Pt Homogeneous 

+ Heterogeneous} 

a io ack aik” Heterogeneous} 
PS ee Epithelial cells 


around papillae 





*Cases with positive immunostaining/total number of cases. 


+Cells lacking in the protein alternated with protein-positive cells. 


cated around the short stromal papillae (Fig. 1, £). The 
ectocervical samples taken during the late proliferative 
phase and during the early secretory stage showed a 
tendency to increase the estrogen-responsive immu- 
nostaining intensity in the squamous epithelium. How- 
ever, this observation was not consistent, and an overall 
difference in the immunostaining pattern during the 
different stages of the menstrual cycle was not found 
(Fig. 1, C, E, and F). 

Pregnancy and menopause. During pregnancy a 
thickening of the squamous epithelium and a more 
intense and homogeneous immunostaining reaction 
were seen in the ectocervix (Fig. 2, A). In these cases, 
the protein was mainly found in the parabasal and in- 
termediate cell layers. In the endocervix, strong im- 
munostaining was found in areas of the superficial ep- 
ithelium with squamous metaplasia (Fig. 2, B). Some 
cryptae with simple squamous metaplasia also showed 
immunostaining (Fig. 2, C and D). 

Two cervical samples taken during pregnancy dis- 
played areas with stromal cells positive for the protein. 
These stromal cells were characterized as predecidual 
cells (Fig. 2, B) and as typical decidual cells (Fig. 2, E). 

During menopause the estrogen-responsive protein 
was absent in both the ectocervical and endocervical 
epithelium. The ages of these patients ranged from 52 
to 62 years. 

Abnormal epithelia without atypia. Squamous meta- 
plasia, developing from subcolumnar cells (indirect 
metaplasia), was the entity found most frequently” 
(Table I). In the beginning the defined areas of the 
endocervix showed a single and continuous row of sub- 
columnar cells specifically stained with the antiserum 
to the estrogen-responsive protein (Fig. 3, A and B). 
In a more advanced stage, several layers of metaplastic 
cells, positive for the protein, were observed. (Fig. 3, 
C and D). Finally, some areas of the epithelium ap- 
peared completely covered by squamous metaplasia 
with intense estrogen-responsive immunostaining ( Fig. 
3, E). This metaplastic process was also observed in the 
cryptae (Fig. 3, F). 


Another entity observed within the endocervix of one 
of the samples was adenomatous hyperplasia, or so- 
called intraglandular hyperplasia, previously described 
in pregnant and nonpregnant women.” In this case the 
protein was absent in the epithelial cells (Fig. 3, G). 

In the ectocervical epithelium, 87.5% of the samples 
with regenerative basal cell hyperplasia displayed the 
estrogen-responsive protein (Table I). The immuno- 
reaction was very weak and heterogeneous in basal cells 
and more intense and homogeneous in the parabasal 
and lower intermediate cell layers (Fig. 4, A and B). 

As seen in Table I, all of the samples with acanthosis 
reacted with the antibody against the estrogen-respon- 
sive protein, but the acanthotic areas showed very weak 
immunostaining intensity (Fig. 4, C and D). One of the 
samples with acanthosis had pronounced peg forma- 
tions, and in this case the lower epithelial cell layers 
displayed strong immunostaining (Fig. 4, £). 

In contrast to normal squamous epithelium which 
has a broad layer of glycogen-containing cells, several 
of our abnormal samples with regenerative basal cell 
hyperplasia and/or with acanthosis, were lacking in gly- 
cogen-containing cells. Although not shown here, the 
estrogen-responsive protein was sometimes observed in 
cells lacking in glycogen, but this was not consistent in 
another samples. Therefore, in these cases we were 
unable to find a relationship between the absence of 
glycogen and the presence of the estrogen-regulated 
protein. 

Four of ten of the cervical samples with elongated 
papillae displayed protein in the epithelial cells sur- 
rounding the stromal axis (Table I). As seen in Fig. 4, 
F, in these cases there was intense estrogen-responsive 
immunostaining. However, in the other samples with 
elongated papillae, the protein was barely seen or even 
absent in the epithelial cells (Fig. 4, B and D). 


Comment 

Our results on the distribution of the estrogen-reg- 
ulated protein complement a previous study showing 
the incorporation of tritiated thymidine (DNA synthe- 
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Fig. 3. Abnormal endocervical samples without atypia, immunostained with the C11 monoclonal 
antibody. A and B, Serial sections showing subcolumnar cells with estrogen-responsive positive im- 
munostaining (beginning of metaplasia). (Section A was counterstained with hematoxylin. Xx 435.) 
C and D, Serial sections of an endocervical crypta showing a metaplastic process in a more advanced 
stage. Protein immunostaining is absent in the columnar superficial cells. (Section C was counter- 
stained with hematoxylin. x 200). E, Mature squamous metaplasia displaying intense immunoreac- 
tion in the parabasal and intermediate cell layers. Weak immunostaining is observed in the basal 
cells, and no reaction is seen in the superficial cell layer. (x 130.) F, Crypta with postivie immuno- 
staining in the metaplastic cells. (X 150.) G, Intraglandular hyperplasia. No immunoreaction is 
observed in this sample. (Hematoxylin counterstaining. X 125). 


sis), tritiated uridine (RNA formation), and tritiated 
leucine (protein synthesis) in the human cervix‘ as well 
as a study showing the number of nuclear estrogen- 
binding sites by autoradiography.’ These observations 
indicate that under normal conditions, cell prolifera- 
tion occurs mainly in the parabasal layer and that both 
parabasal and intermediate cell layers are composed by 
cells with active protein synthesis, which are ui'ir the 
influence of estrogens. They also indicate that most of 
the cells in the basal layer remain in quiescence, rela- 
tively insensitive to estrogen, while superficial cells are 
in terminal differentiation, also insensitive to estrogen 
influence. 

Another interesting observation in the normal ecto- 
cervix was the heterogeneity for staining of the estro- 
gen-responsive protein. The physiologic implication of 
this is that the epithelial cells within the same layer do 
not respond simultaneously to a hormone—in our case 
to estrogen stimulation. Although the cells are morpho- 


logically identical, their capability to express a biochem- 
ical component is different. At present we can only 
speculate that this may be due to cell cycle differences, 
that solely certain cell clones have reached enough 
maturity to produce the protein, or that different sites 
within the epithelium operate at different times. 

The lack of significant variations in the presence of 
the estrogen-responsive protein in the ectocervical ep- 
ithelium during the different phases of the menstrual 
cycle is in agreement with previous studies.*® Therefore 
it seems that the ectocervical epithelium is unable to 
respond morphologically and biochemically to the cy- 
clic fluctuations of estrogen and progesterone pro- 
duced by the ovaries. Moreover, the protein was ob- 
served to be more homogeneous and intense during 
pregnancy, but it was absent in the squamous epithe- 
lium of menopausal women, even though they have 
relative hyperestrogenism. These data suggest that in 
the ectocervix the estrogen-responsive protein is ex- 
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Fig. 4. Abnormal ectocervical samples without atypia, stained with hematoxylin and eosin (A and 
C) or immunostained with the C11 monoclonal antibody (B, D to F). A and B, Serial sections from 
a sample with regenerative basal hyperplasia showing estrogen-responsive immunostaining mainly 
in the parabasal and intermediate layers (B). Asterisk points to a papilla. (x 130.) C and D, Serial 
section from a sample with acanthosis and numerous papillae. Very weak immunostaining is seen 
in the lower layers (D). Asterisk show papillae. (X 120.) E, Intense immunoreaction can be seen in 
this sample of acanthosis with large peg formations. (X 130.) F, Elongated papillae showing im- 
munostaining in the basal and some of the parabasal cells. ( 130.) 


pressed in regularly cycling women and that the protein 
increases only as the result of a prolonged and signif- 
icant estrogenic effect. 

We did not find prominent changes in the presence 
and distribution of the estrogen-responsive protein in 
the abnormal ectocervices without atypia examined, but 
a different situation was observed in the endocervical 
epithelium. Here, the protein was a valuable biochem- 
ical marker to follow the evolution of the subcolumnar 
cells on their way to squamous metaplasia. Identifica- 
tion of the protein is of practical interest to pathologists 
because it allows them to distinguish this type of meta- 
plastic epithelium, strongly positive for the protein, 
from normal squamous epithelium. These two epithelia 
are sometimes difficult to differentiate. Additionally, 


our findings strongly suggest that indirect squamous 
metaplasia of the endocervix is a process in which es- 
trogens are involved, an assumption that has previously 
been stressed." This metaplasia originated from preex- 
isting subcolumnar cells of the endocervix which gen- 
erally are not identifiable in routine histologic sections. 
The origin of these cells is controversial, but there is 
morphologic evidence for their differentiation into 
mucus-secreting cells and ciliated columnar cells." 
Under normal conditions subcolumnar cells are not 
inactive," '° and our study has confirmed their estrogen 
sensitivity.” 

In the endocervical epithelium, columnar secreting 
cells are also under estrogen control, but they are 
highly differentiated for mucus production, which may 





4 


J 
a EUNE SP 


w 


4 3 eee SR 


1096 Ciocca, Puy, and Lo Castro 


explain the lack of this protein. Other cells carrying 
nuclear estrogen-binding sites are cervical stromal 
cells, and they also lack the protein. In this case we 
cannot explain the absence of the protein, but it is im- 
portant to note that not all of the estrogen target cells 
express the estrogen-responsive protein. 

The present study has revealed that the estrogen- 
responsive protein can be detected in predecidual as 
well as decidual cells, such as in the human endome- 
trium,* facilitating decidual reaction identification. 
However, unlike the endometrium of pregnant women, 
in the cervix we observed isolated foci of decidualiza- 
tion in only two of the eight samples examined. Con- 
sidering the evidence for the bone marrow origin of 
decidual cells,'® it is logical to suppose that precursor 
cells sometimes can also reach the cervix. Therefore, 
only some of the stromal cells will be able to show de- 
cidualization, which is consistent with our sporadic find- 
ing of estrogen-responsive immunoreaction in a few 
isolated foci of cervical stromal cells during pregnancy. 

In summary, the results of the present study together 
with information from other authors show that (1) the 
response of the normal uterine cervix to estrogenic 
influence is heterogeneous in different cervical cell 
types and in different sites within the same epithelial 
layer, (2) during the normal menstrual cycle the ca- 
pability of response of the cervical cells to variations of 
estrogen levels is limited when compared with the en- 
dometrium; and (3) during pregnancy and in the pro- 
cess of indirect squamous metaplasia some of the cer- 
vical cells seem to be very reactive to estrogenic stim- 
ulation. 
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CA 125: A useful marker in endometrial carcinoma 


Jitze M. Duk, M.D., Jan G. Aalders, M.D., Gert Jan Fleuren, M.D., and 


Henk W. A. de Bruijn, Ph.D. 
Groningen and Leiden, The Netherlands 


In a retrospective study 121 patients with endometrial cancer were examined. In addition, 20 primary 
endometrial adenocarcinomas were tested immunohistochemically for CA 125. All tumor tissues were 
demonstrated to contain CA 125. However, only 25% of 110 patients had elevated CA 125 levels in serum 
before treatment. The incidence of elevated CA 125 serum levels increased with higher tumor staging up 
to 55% and 86% in surgical Stages Ill and IV, respectively. In Stage | and II disease (International 
Federation of Gynecology and Obstetrics) elevated serum levels before treatment correlated with the 
presence of tumor tissues outside the uterine body or outside the uterus, respectively, as was determined 
histopathologically after operation. In addition a close correlation between elevated levels and vessel 
invasion of tumor cells was revealed. Serum levels of CA 125 paralleled the clinical course of disease. 
Tumor recurrence in the abdomen can be preceded by an increase of serum CA 125 levels. (Am J OBSTET 


GYNECOL 1986;155:1097-1102.) 


Key words: CA 125, endometrial cancer, risk factors, tumor marker 


Endometrial carcinoma is generally accepted as a dis- 
ease with a good prognosis, because most patients have 
Stage I disease without metastasis at diagnosis. How- 
ever, the prognosis is bad when the tumor is no longer 
confined to the uterine body.'* Therefore, in clinical 
Staging procedures, it is of the utmost importance to 
select patients who are at risk of extracorporeal tumor 
spread because of its implications for the choice of 
therapy.’ 

Until now, the indication for additional therapy has 
been based on findings at operation and after careful 
examination of the operative specimen. Moderately 
and poorly differentiated tumors, deep infiltration of 
the myometrium, and the presence of tumor cells in 
endothelium-lined spaces (vessel invasion) are related 
to a substantial risk of extrauterine tumor spread and 
a worse prognosis.” 

Elevated serum levels of the cancer antigen CA 125 
are found in patients with epithelial ovarian cancer, 
carcinoma of the pancreas, breast cancer, and carci- 
noma of the fallopian tube.*” 

Niloff et al.° reported serum levels of CA 125 ex- 
ceeding the level of 35 U/ml in 14 of 18 patients with 
Stage IV endometrial carcinoma or recurrent disease 
but in none of 11 patients with Stage I or II tumors at 
presentation.” This study was undertaken in order to 
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clarify the significance of serum CA 125 levels in the 
clinical staging and follow-up of patients with endo- 
metrial carcinoma. 


Patients and methods 


Between 1978 and 1985, 121 patients attended the 
University Hospital of Groningen, The Netherlands, 
with newly diagnosed, persistent, or recurrent endo- 
metrial carcinoma. Serial serum samples of these pa- 
tients were stored at the Serum Bank of the Department 
of Obstetrics and Gynecology at — 70° C and used for 
this study. Endometrial carcinomas were mainly clas- 
sified and graded according to Kurman and Norris.'° 
In addition, adenocarcinomas with squamous differ- 
entiation were divided into adenocarcinomas with be- 
nign squamous epithelium (adenoacanthomas) and 
those with malignant squamous epithelium (adenos- 
quamous carcinomas). Histologically, 111 patients were 
found to have adenocarcinoma of the endometrium, 
including 17 adenoacanthomas and 20 adenosquamous 
carcinomas; six patients had clear cell carcinoma, and 
four patients had undifferentiated carcinoma of the 
uterus. Pretreatment sera were available in 110 cases. 

Charts from all patients were reviewed by two in- 
dependent observers before the serum samples were 
analyzed. Diagnosis and judgment of regression, sta- 
bility, or progression of disease were based on clinical 
examinations (as allowed by international agreement in 
the staging and follow-up of patients with carcinoma 
of the uterus), on intraoperative observations, and on 
histopathologic study of the extirpated or biopsy spec- 
imen. Before treatment, clinical staging was deter- 
mined according to the International Federiation of 
Gynecology and Obstetrics (FIGO) criteria (Table I). 
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Table I. Study population described to tumor 
stage 






No. of patients 


Surgical 










Classification stage 
I Carcinoma confined to 70 71 
the uterine body 
II Extension to the cervix 30 18 
III Extrauterine pelvic ex- 5 12 
tension 
IV Extension outside the true 5 9 


pelvis and/or perfo- 
ration of bladder or 
rectum 
Total 110 110 





By using intraoperative observations and after histo- 
pathologic examination of the extirpated specimen a 
surgical stage was established. In addition, the histo- 
logic type of the tumor, the degree of differentiation, 
the depth of myometrial infiltration, and the presence 
of tumor cells in uterine vessels were determined. 

In a bi-variate statistical analysis mutual correlations 
between these four histopathologic prognostic risk fac- 
tors were investigated. Subsequently, correlations be- 
tween these histopathologic risk factors and elevated 
CA 125 serum levels were determined. The correlation 
between pretreatment serum levels of CA 125 and tu- 
mor extension was revealed by dividing 62 patients with 
Stage I disease into one of two groups after operation 
and histopathologic examination of the extirpated 
specimen. One group consisted of patients with tumor 
confined to the uterine body and the other group con- 
sisted of patients with tumor extension outside the uter- 
ine body (extracorporeal tumor extension). Thirty pa- 
tients with Stage II disease were divided into one of 
two groups on the basis of extrauterine tumor ex- 
tension. 

The clinical course of disease was recorded in all of 
the patients and serial serum samples were analyzed 
for CA 125 during a period from 2 to 72 months. 
Regression of tumor was defined as a reduction in de- 
monstrable tumor tissues of more than 50% within a 
period of 3 months after treatment. Stable disease ex- 
isted when there were no alterations in serial obser- 
vations of the clinical status of the patient who was 
known to have tumor present. Progression of disease 
required distinct changes in the clinical status of the 
patient who was known to have tumor present or the 
appearance of new lesions, if possible confirmed by 
histopathologic reports. 

For statistical analysis of the results the x’ test, Fisher's 
exact test, and the Mann-Whitney U test were used. 

Immunoradiometric assay of CA 125. Serum sam- 
ples were coded to ensure that the investigators who 
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performed the assay were not aware of the source of 
the serum samples. Levels of CA 125 in these serum 
samples were assayed by means of a simultaneous sand- 
wich immunoradiometric assay (Abbott Laboratories, 
Chicago, Illinois), as described in detail by Bast et al.” 
All values up to a level of 35 U/ml were regarded as 
normal. The coefficient of variation was 5%, as deter- 
mined by repeated analysis of a control sample 
(106.6 + 5.3 U/ml, n = 34). 

Immunoperoxidase staining of CA 125. The pres- 
ence of CA 125 was determined by means of the in- 
direct immunoperoxidase method in snap-frozen tissue 
blocks.'' Tissue sections of 4 um were fixed in acetone 
for 4 minutes and washed in 0.01 mol/L phosphate- 
buffered saline, pH = 7.4. The sections were incubated 
for 1 hour with monoclonal antibody OC 125 (ORIS 
Lapam, Saint Quentin, France) at room temperature in 
a moist chamber. The sections were washed three times 
for 10 minutes with phosphate-buffered saline and sub- 
sequently incubated for 30 minutes with horseradish 
peroxidase—conjugated rabbit antimouse IgG (Dako- 
patts, Copenhagen, Denmark). Peroxidase activity was 
developed by adding a freshly prepared solution of 3- 
amino-9-ethylcarbazole in 0.1 mol/L acetate buffer, 
pH = 5.0, containing 0.015% hydrogen peroxide, re- 
sulting in a red reaction product. The sections were 
counterstained with hematoxylin for 2 minutes and 
mounted in Kaiser’s gelatin glycerin (Merck, Darm- 
stadt, Germany). 


Results 


Positive immunohistochemical staining for CA 125 
was detected in all of eight tissue blocks of normal en- 
dometrium obtained at different stages of the men- 
strual cycle. The positive reaction was present in a 
sharp-staining pattern in the luminal cell membranes 
of the glandular structures. Focally, sharp staining of 
the basal cell membranes was also observed. 

Tissue blocks of 20 primary endometrial carcinomas 
were tested immunohistochemically. The histologic dif- 
ferentiation ranged from grade | to grade 3. The pres- 
ence of CA 125 could be demonstrated in all the tissue 
sections. Both positive and negative glandular struc- 
tures were observed. In eosin and hematoxylin—stained 
sections positive and negative glandular structures ap- 
peared identical. Positive glandular structures were 
mainly present in periodic acid—Schiff positive and 
diastase-resistant tumor areas. Solid tumor areas were 
mostly negative for CA 125 (Fig. 1). Before treatment 
serum levels of CA 125 in excess of 35 U/ml were found 
in 27 of 110 patients (25%, range 36 to 981 U/ml) (Table 
II). All four patients with undifferentiated carcinoma 
of the uterus had low levels of CA 125 at any stage of 
the disease. This and the immunohistologic findings 
regarding solid tumor areas were reason to exclude 
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Fig. 1. A grade II endometrial adenocarcinoma stained for CA 125. The surface of the glandular 
structures shows strong staining; the solid areas are negative for staining. (Hematoxylin counter- 


stain. X 130.) 


Table II. Incidence of elevated serum levels of 
CA 125 in patients with endometrial 
adenocarcinoma before treatment 










Patients with elevated 
CA 125 levels 






FIGO Stage 


I (n = 70) 12 17 
II (n = 30) 10 33 
III (n = 4) 3 75 
IV (n = 3) or 67 
Total (n = 107*) 27 25 


*Patients with undifferentiated carcinoma of the uterus 
were excluded. 


these patients from further analysis (including tables 
and figures). 

Serum CA 125 levels in relation to tumor stage. 
Before treatment, there was an increasing incidence of 
elevated levels of CA 125 both in relation to a higher 
tumor stage, according to FIGO criteria, and in relation 
to a higher surgical stage (Table II, Fig. 2). In surgical 
Stages I, II, III, and IV an incidence of elevated serum 
levels of CA 125 of 13% (nine of 71), 33% (six of 18), 
55% (six of 11), and 86% (six of seven), respectively, 
were found. 

Serum CA 125 levels in relation to risk factors. The 
risk factors studied included the histologic type of the 
tumor, the depth of myometrial infiltration, the degree 
of histologic differentiation, and the invasion of tumor 
cells in vessels. Only a close correlation between ele- 
vated CA 125 serum levels and vessel invasion was 
found (Table III). Although a close correlation between 


Table III. Endometrial adenocarcinoma: 
Elevated serum CA 125 levels (>35 U/ml) in 
relation to histologic parameters in patients 
with surgical Stage I and II disease (n = 62) 


Parameter Significance 
Vessel invasion 6.55 p < 0.025 
Histologic type 3.08 NS 
Degree of differentiation (grade 1.07 NS 
2 and 3) 
Depth of myometrial infiltration 0.75 NS 
(>'4) 


NS = Not significant. 


vessel invasion and a loss of tumor differentiation was 
determined (x? = 14.15, p < 0.0025), there was no cor- 
relation between a loss of tumor differentiation and 
elevated serum levels of CA 125. 

Serum CA 125 levels and tumor extension. Table 
IV shows the correlation between pretreatment serum 
levels of CA 125 and tumor extension in patients with 
Stage I and II disease (FIGO). Patients with elevated 
serum levels mainly had extensive metastasis to lymph 
nodes only (n = 4) or to lymph nodes and other tissues 
such as bowels or ovaries (n = 7). Patients with normal 
serum levels of CA 125 and extracorporeal or extrau- 
terine tumor extension had a solitary metastasis to the 
left or right ovary (n = 4) or metastasis to lymph nodes 
(n = 3). 

In eight of the 30 patients who had Stage II tumors 
at presentation, definite involvement of the cervix 
could not be confirmed after operation. All of these 
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Fig. 2. The distribution of serum levels of CA 125 (units per 
milliliter) in relation to surgical stage in patients with endo- 
metrial adenocarcinoma, before treatment. Undifferentiated 
carcinomas were excluded. 


eight patients had low levels of serum CA 125 
(x? = 10.80, p < 0.005). 

Patients with Stage I or II disease and metastasis 
exclusively to the lymph nodes were frequently found 
to have elevation of serum CA 125 levels. A mean value 
of 55 U/ml was obtained in these patients (n = 5) com- 
pared with a mean value of 23 U/ml in the group of 
patients without lymph node metastasis (n = 13). How- 
ever, these numbers were too small to calculate any 
statistical difference (Mann-Whitney U test, p > 0.2). 

Serum CA 125 levels and the clinical course of dis- 
ease. No sign of disease was present 3 months after 
primary therapy in 20 patients who initially had ele- 
vated serum levels of CA 125 before treatment. In 18 
of these 20 patients, CA 125 levels fell below 35 U/ml. 
One patient still had elevated serum CA 125 levels 3 
months after radical therapy. Four months after treat- 
ment she was admitted to the hospital with abdominal 
tumor recurrence. The only other patient with elevated 
serum levels of CA 125 had high values during the 6 
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years of follow-up. The level stabilized at 90 U/ml with- 
out evidence of disease; thus this was the only false 
positive result in the study (Fig. 3). In four of five 
patients in whom primary therapy could not be radical 
and disease remained stable, CA 125 serum levels 
were still elevated above 35 U/ml 3 months afterward 
(Fig. 3). 

Fig. 3 also gives serum marker trends of all patients 
with progressive disease. For the sake of clarity, the 
profiles were reduced to two-point graphs. All 15 pa- 
tients demonstrated an increase of serum CA 125 pend- 
ing tumor progression. In all eight patients with ab- 
dominal tumor sites, serum CA 125 levels exceeded 35 
U/ml before clinical detection of disease progression 
(range 0 to 9 months, median lead time 2.8 months). 
In all seven patients with tumor sites in the lungs or in 
the vaginal vault, clinical detection of the disease pro- 
gression preceded a rise of serum CA 125 (range 0 to 
11 months, median lead time 3.8 months). 

Serum CA 125 levels and early detection of recur- 
rent disease. Patients who had experienced a complete 
remission after radical initial treatment were studied. 
Twelve patients were found to have tumor recurrence 
and five of these 12 patients (42%) had elevated serum 
levels of CA 125 before or at the time of tumor relapse 
(range 0 to 9 months, median lead time 1.8 months). 
In only one of the eight patients (13%) with local tumor 
recurrence in the vaginal vault and in all of the four 
patients with abdominal tumor recurrence, serum 
levels of CA 125 exceeded 35 U/ml. In all serial obser- 
vations made in patients without tumor recurrence only 
once was a slightly elevated serum level of CA 125 mea- 
sured (39 U/ml). 

Serum CA 125 levels and survival rate. In this study 
all 16 patients who died of endometrial adenocarci- 
noma had elevated serum levels of CA 125 before 
death. Eleven of these 16 patients had Stage I or II 
tumors at presentation. Six of these 11 patients (55%) 
had elevated serum levels of CA 125 before treatment. 

Of the 94 patients with Stage I or II tumors being 
studied, 21 had elevated serum levels of CA 125 before 
treatment. Six of these 21 patients (29%) eventually 
died of disease, whereas mortality was lower in the 
group with normal pretreatment CA 125 serum levels: 
five of 73 patients (7%) died of endometrial adenocar- 
cinoma (x* = 7.13, p < 0.005). 


Comment 


This study demonstrates that the tumor marker CA 
125 is of clinical value in the staging and follow-up of 
patients with endometrial adenocarcinoma. A major 
problem in endometrial adenocarcinoma has always 
been the detection of patients with early disease who 
are at risk of extrauterine tumor extension. Several 
large studies have made clear that a loss of differen- 
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Fig. 3. Serum CA 125 profiles in relation to the clinical course of disease. Patients had elevated 
serum CA 125 levels before treatment and either no evidence of disease 3 months after radical 
primary therapy (left), stabilization of disease 3 months after nonradical primary therapy (middle), 


or progressive disease (right). 


Table IV. Predictive value of pretreatment serum CA 125 values in patients with FIGO Stages I and II 
endometrial adenocarcinoma 






Preoperative serum 
CA 125 level 
(U/ml) 






I: Extracorporeal tumor >35 
35 
Il; Extrauterine tumor >35 
335 


tiation, unfavorable histologic type, and deep myo- 
metrial infiltration of the tumor and vessel invasion of 
tumor cells are related to a substantial risk of tumor 
metastasis.*’ 

In this study all tumor tissues tested immunchisto- 
chemically were demonstrated to contain CA 125. Pos- 
itive staining was present in glandular structures, 
whereas solid tumor areas were mostly negative for CA 
125. Elevated levels of CA 125 in serum were found in 
only 25% of all the patients. It appears that elevation 
of CA 125 in serum occurs only in certain circum- 
stances. In this study we found that elevation of CA 
125 serum levels was highly correlated with the pres- 
ence of tumor cells in uterine blood vessels or lymphatic 
vessels but not with the histologic type of the tumor, 
deep myometrial infiltration, or a loss of tumor differ- 
entiation. In this respect the lack of a correlation be- 
tween elevated serum levels and a loss of tumor dif- 
ferentiation is particularly noteworthy because a very 


Significance 


jal 3 27 
5] 3 6 p < 0.05 
10 8 80 


close correlation was revealed between vessel invasion 
and a loss of tumor differentiation. The absence of this 
correlation is probably due to the absence of CA 125 
in solid tumor areas, which predominate in moderately 
and poorly differentiated tumors. We detected CA 125 
in normal endometrial tissue, and earlier we measured 
high levels of CA 125 ( > 10,000 U/ml) in serous fluid 
from the uterine cavity” and in cervical mucus.” In 
healthy women CA 125 does not enter the circulation; 
serum levels below 35 U/ml were found. 

These findings suggest that elevation of serum CA 


. 125 levels in patients with endometrial adenocarcinoma 


occurs after destruction of natural barriers, causing a 
direct contact between antigen-shedding tumor cells 
and the peripheral circulation. 

Niloff et al.° found no elevations of CA 125 serum 
levels in patients with Stage I or II tumors at presen- 
tation. This study demonstrates that elevated serum 
levels of CA 125 are also found in patients with Stage 
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I or II tumors. In fact elevation of pretreatment serum 
levels of CA 125 in patients with these tumors corre- 
lated with extracorporeal tumor extension in Stage I 
or extrauterine tumor extension in Stage II tumors 
(FIGO). Although this correlation is less obvious in 
Stage I tumors, it is more apparent in Stage II disease. 
In addition, a high incidence of elevated serum CA 125 
levels was found in Stages III and IV (55% to 86%) 
and in intra-abdominal tumor recurrence (all four pa- 
tients). This incidence is comparable to the observations 
made in ovarian and pancreatic cancer.® These findings 
indicate that CA 125 serum levels are particularly el- 
evated if the antigen-shedding tumor affects the peri- 
toneum. 

Although CA 125 was demonstrated in reactive me- 
sothelial cells,’ it is feasible from immunohistochemical 
studies that tumor cells are the main source of elevated 
serum CA 125 levels in patients with endometrial ad- 
enocarcinoma. Elevation of serum CA 125 levels in pa- 
tients with Stage I or II endometrial adenocarcinoma 
should initiate a careful restaging of the tumor. The 
question arises if patients with Stage II tumors and 


elevated pretreatment CA 125 serum levels should be. 


treated with a systemic regimen, because of the high 
incidence of metastases outside the uterus found in 
these patients (80%). A similar problem occurs in pa- 
tients with tumor recurrence in the vaginal vault as- 
sociated with elevated CA 125 serum levels. In these 
patients careful clinical examination is indicated to ex- 
clude intra-abdominal tumor sites. 

In conclusion the following observations are note- 
worthy: 

1. CA 125 was present in all tumor tissues of en- 
dometrial adenocarcinomas tested, with a preference 
for glandular tumor areas. 

2. Elevated levels of serum CA 125 in patients with 
endometrial adenocarcinoma, measured before treat- 
ment, were found in 25% of the patients. The incidence 
increased from 13% in surgical Stage I to 86% in sur- 
gical Stage IV. Elevated levels were correlated with in- 
vasion of tumor cells in uterine vessels and with extra- 
corporeal tumor extension in Stage I and extrauterine 
tumor extension in Stage II (FIGO). A finding of el- 
evated levels should initiate a careful restaging in pa- 
tients with Stage I or II disease (FIGO). 

3. Levels of serum CA 125 followed the clinical 
course of the disease. Progressive and recurrent disease 
can be preceded by an increase of serum CA 125 levels, 
in particular in patients with intraperitoneal tumor 
sites. 

4. Fifty-five percent of the patients with stage I or 
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II tumors at presentation (FIGO) and who eventually 
died of endometrial adenocarcinoma had raised values 
of serum CA 125 before treatment. The determination 
of CA 125 levels before treatment provides a valuadle 
biochemical prognostic risk factor in endometrial ad- 
enocarcinoma. 


We are indebted to Dr. K. Groenier for the statist.cal 
analysis of the results. We thank Mr. H. Kooi, Mr J. 
Pleiter, Mr. M. Krans, Mr. L.J.C. van den Broek and 
Mrs. G.H.H.M. van Leeuwen-Herberts for their tech- 
nical assistance. 
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Lymph node metastasis of ovarian cancer: A preliminary 
survey of 74 cases of lymphadenectomy 


Pao-Chen Wu, M.D., Jing-Yi Qu, M.D., Jing-He Lang, M.D., Rong-Li Huang, M.D., 


Min-Yi Tang, M.D., and Li-Juan Lian, M.D. 
Beijing, China 


Retroperitoneal lymph node dissection was performed in 74 cases of various types of ovarian 
malignancies. Fifty-three (71.6%) were histologically confirmed as cancer of epithelial origin and 19 
(25.7%) as germ cell tumors. The results indicate that lymphatic metastasis is an exceedingly important 
route of spreading of this group of malignant diseases. The overall incidence of retroperitoneal positive 
nodes was 56.8% (42/74). In 49 cases undergoing systemic lymphadenectomy 32 were found to have 

. glandular involvement, of which both aortic and pelvic nodes were positive in 17 cases (53.1%), aortic 
nodes positive but pelvic negative in six (18.8%), and pelvic nodes positive but aortic negative in nine 
(28.1%). in 32 cases with primary cancer that originated from the left ovary, 17 (53.1%) were found to 
have positive pelvic nodes, whereas in 19 cases with cancer arising from the right ovary, only one (5.3%) 
had metastasis of ipsilateral pelvic nodes. The routes of lymphatic spreading and the significance of 
lymphadenectomy in ovarian cancer are discussed. (Am J OssTET GYNECOL 1986;155:1103-8.) 


Key words: Ovary, cancer, lymph node metastasis 


It is universally recognized that the spread of ovarian 
cancer is manifested by extensive intraperitoneal im- 
plantation and local invasion to adjacent tissues and/or 
organs. Little attention has been paid to another im- 
portant but relatively inconspicuous route of metasta- 
sis—retroperitoneal spread through lymphatic path- 
ways. In 1974 Knapp and Friedman’ first reported 
their experience with aortic lymph node metastasis in 
patients with early ovarian cancer treated by lymph- 
adenectomy. Thereafter, other articles have appeared 
in the literature.” Beginning in 1982 retroperitoneal 
lymph node dissection has been carried out at the Pe- 
king Union Medical College Hospital as a routine op- 
erative procedure in addition to the cytoreductive sur- 
gery for most patients with ovarian malignancies. The 
purpose of this report is to present our preliminary 
prospective study on the incidence of pelvic and para- 
aortic node metastasis in order to assess the role 
of lymphadenectomy in the management of ovarian 
cancer. 


Material and methods 


Subject of study. From June 1982 through August 
1985 retroperitoneal lymph node dissection was per- 
formed during cytoreductive surgery in 74 cases of 
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ovarian cancer. Primary operation was performed in 
45 and operation for recurrent or incompletely re- 
sected tumors in the remaining 29. The histologic types 
and stage of the patients are shown in Table I. Ovarian 
cancer of epithelial origin constituted the majority of 
the cases, of which 35 (66.0%) were of serous type. The 
clinical staging was assessed during laparotomy with use 
of International Federation of Gynecology and Ob- 
stetrics (FIGO) criteria without considering the patho- 
logic findings of the nodes. It can be clearly seen that 
the majority of the patients represented advanced 
cases, and Stage I disease accounted for only 13.5% of 
the total series. 

Surgical methods (Table II) 

Cytoreductive surgery. In addition to the traditional 
procedures of total hysterectomy, bilateral salpingo- 
oophorectomy, partial omenectomy, and appendec- 
tomy, all the tumor-bearing tissues including pelvic and 
abdominal peritoneum, serosa of small bowel, colon, 
and rectum were resected to the best of the surgeon’s 
skill whenever the condition of the patients during op- 
eration permitted, Partial resection of intestine with 
anastomosis or colostomy was performed when the in- 
testinal wall was deeply invaded. All excised tissues were 
labeled according to the sites and put into separate 
vessels for pathologic examination. If there should be 
a discrepancy between gross appearance and micro- 
scopic examination, the evaluation of staging would be 
revised on the basis of pathologic findings. l 

Retroperitoneal lymphadenectomy. Lymph node dissec- 
tion was usually carried out at the end of the cytore- 
ductive surgical procedure for the intraperitoneal tu- 
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Fig. 1. Incidence of metastasis in different groups of lymph 
nodes. The groups of lymph nodes shown from above down- 
ward and from lateral to medial are para-aortic, common iliac, 
external iliac, obturator, and internal iliac. The incidence of 
presacral nodes is indicated under the bifurcation of aorta. 


Table I. Subjects of study (n = 74) 


z 


Histologic type 
Epithelial 53 71.6 
Germ cell tumor 19 25,7 
Sex cord stromal 2 2.7 
Staging (FIGO) 
I 10 13.5 
II 8 10.8 
Il | 49 66.2 
IV 7 9.5 


mors but before resection of the intestine if the latter 
procedure was indicated. Systemic lymphadenectomy 
denotes complete lymph node dissection covering all 
pelvic groups of nodes together with a segment of para- 
aortic lymphatic tissue about 4 to 5 cm in length from 
the bifurcation of the aorta up to the level of the in- 
ferior mesenteric artery. This was done in 49 cases. In 
the remaining 25 cases only selective sampling of lymph 
nodes was performed, and in 16 of these cases para- 
aortic nodes were not removed. The resected lymphatic 
tissue was grouped and labeled as para-aortic, presa- 
cral, left and right common iliac, external iliac, internal 
iliac, and obturator and was subjected to histologic ex- 
amination individually. 


Resuits 


Positive nodes were found in 42 of 74 cases studied, 
providing an overall incidence of retroperitoneal 
lymph node metastasis of 56.8%. The incidence of pos- 
itive pelvic nodes was 48.7% (36/74) and that of para- 
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Table II. Surgical methods in 74 cases of 
ovarian cancer 


No. of 


Cytoreductive surgery 74 
Retroperitoneal lymphadenectomy 
Systemic lymphadenectomy 49 
Selective sampling BE 


* Aortic nodes not removed in 16. 


aortic nodes was 43.1% (25/58). The metastatic rates 
of different groups of lymph nodes are shown in 
Fig. 1, indicating that ovarian cancer may spreac to any 
group of the pelvic nodes. Results of the study include 
the following: | 

1. Exploratory findings and microscopic examina- 
tion of lymph nodes. In order to assess the accuracy of 
evaluation during surgical exploration, the garss ap- 
pearance of the lymph nodes documented at operation 
was correlated with the pathologic examinazion in 
Table IH. In 32 cases with suspicious nodes, 28 (87.5%) 
were proved to be positive histologically. Of 42 cases in 
which the nodes were grossly normal, 33.3% were 
found to be microscopically positive. 

2. Pelvic node and para-aortic node metastasis. In 
this series there were 49 cases with systemic lymph- 
adenectomy, in which a complete set of pelvic nodes 
together with para-aortic nodes from the same patients 
were available for comparison (Table IV). Among 32 
cases with lymph node metastasis, both pelvic and para- 
aortic nodes were positive in 17 (53.1%), aortic nodes 
positive but pelvic nodes negative in six (18.8%), and 
pelvic nodes positive but aortic nodes negative in nine 
(28.1%). 

3. Histologic type and lymph node metastasis. The 
incidence of lymph node metastasis in different his- 
tologic types of tumors is shown in Table V. Positive 
nodes were found in 11 of 19 cases of germ cel. tumor 
(57.9%), and in 24 of 35 cases of serous epithelia. cancer 
(68.5%). Dysgerminoma seemed to have a tendency to 
metastasize to the para-aortic nodes, and positive nodes 
were found in both of the two cases of malignant Bren- 
ner tumor and none of the two cases of granulosa cell 
tumor. However, because too few cases were seen for 
these subtypes of cancer, the incidence thus obtained 
may not be meaningful. 

4. Clinical staging and lymph node metastasis (Ta- 
ble VI). Among.10 patients with Stage I disease, two 
(both had dysgerminoma) were found to have posi- 
tive nodes, an incidence of 20.0%, indicating that 
lymph node metastasis may occur even in very early 
cases of ovarian cancer. There was no apparen: differ- 
ence of lymph node metastasis among Stages II, IHI, 
and IV patients, and the incidence of positive nodes of 
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Table ITI. Correlation of exploratory findings and pathologic examination of nodes 


Gross No. of 
appearance CASES 
Suspicious 32 28 
Normal 42 14 
Total 74 42 


Stage III cases, which accounted for the majority of the 
series, was Similar in patients with epithelial cancer and 
germ cell tumor. 

5. Histologic -grading and lymph node metastasis. 
Among 53 cases of epithelial cancer the primary tumor 
was available for histologic grading in 50. The rela- 
tionship between histologic grading and node metas- 
tasis is shown in Table VII. No positive nodes were 
found in four patients with borderline tumors. In 36 
cases with moderate to poorly differentiated tumors, 
25 had positive nodes, giving a metastasis rate of 69.4%. 

6. Site of the primary cancer and lymph node me- 
tastasis. As shown in Table VIII, in 32 cases in which 
the primary cancer originated in the left ovary, 17 
(53.1%) were found to have positive pelvic nodes, and 
chances of spread to the lymph nodes of the left and 
right pelvic walls were equal. However, for 17 cases 
with primary cancer arising in the right ovary, only one 
had metastasis of the ipsilateral pelvic nodes. The dif- 
ference is statistically highly significant (p < 0.01), al- 
though the mechanism remains to be clarified. The 
same tendency of pelvic node metastasis from cancer 
of the left ovary was also demonstrated when patients 
with epithelial cancer and those with germ cell tumor 
were analyzed separately. There was no marked dif- 
ference of incidence of para-aortic node involvement 
between cancer originating in left and right ovaries. 

7. Primary or secondary operation in relation to 
lymph node metastasis (Table IX). In 45 cases the 
lymphadenectomy was carried out during the primary 
operation, and 57.8% were found to have positive 
nodes; in the remaining 29 cases the operation was 
performed as a secondary surgical procedure for re- 
current or incompletely resected tumors, and the in- 
cidence of lymph node metastasis was 55.2%. 

8. Lymph node metastasis and outcome of the pa- 
tients. The outcome of patients in the present series 
followed for at least 8 months until April 1986 is shown 
in Table X. The rates of complete remission (patients 
remaining free of detectable disease) for those with and 
without lymph node involvement were quite similar 
(52.4% versus 50.0%). However, because of the brief- 
ness of period of follow-up, the result is far from con- 
clusive. | | 


Positive 


Pathologic findings 


Negative 


7 


87.5 4 12.5 
33.3 28 66.7 
32 


Table IV. Pelvic node versus para-aortic node 
metastasis in 49 cases with systemic | 
lymphadenectomy 





Pelvic 


Positive Negative 9 18.4 

Negative Positive 6 12.2 

Positive Positive 17 34.7 

Negative Negative 17 34.7 

Total 49 100.0 
Comment 


Ovarian cancer has become increasingly important 
in recent years and now ranks as the leading cause of 
death among all gynecologic malignancies. While cli- 
nicians are studying the behavior of ovarian cancer and 
searching for better therapeutic modalities, it is quite 
inconceivable that little attention has been paid to an 
important route of spread—lymphatic metastasis—in 
this group of diseases. There may be two possible ex- 
planations. First, the metastasis along the lymphatic 
pathway has been overshadowed by the outstanding 
extensive intraperitoneal implantation of ovarian can- 
cer, which diverts the attention of most gynecologists. 
Second, according to the traditional conception of anat- 
omy, the lymphatics of an organ run constantly parallel 
to the blood vessels. Therefore the lymphatics of ovary 
should take a course identical with the ovarian veins in 
the infundibulopelvic ligament to the abdominal aorta 
and inferior vena cava along the psoas muscle. Thus a 
misguided impression has resulted, which leads the cli- 
nicians to believe that once retroperitoneal lymphatic 
metastasis of ovarian cancer happens, the first group 
of lymph nodes involved will always be the para-aortic 
nodes, which are situated high above the pelvis and far 
beyond the reach of regular surgical and radiation ther- 
apy. Although a high incidence of involvement of pelvic 
nodes in patients with ovarian cancer was reported in 
the 1960s based on the findings of autopsies,® it had 
been generally regarded as a phenomenon occurring 
only in very late cases, resulting from a retrograde flow 
of tumor cells to the pelvic lymphatic channels because 
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Table a Histologic type and lymph node metastasis 


Para-aortic node Pelvic node 
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Total 


No. of pes Me No. pi a 
Histologic type cases Rave bast bositive oe ie poe 


Epithelial cancer 


Serous 23 12 52.2 35 23 65.7 35 24 62.9 
Mixed type 2 C 0 2 0 0 2 0 0 
Clear cell 10 3 30.0 10 4 40.0 10 4 40.0 
Endometrioid l C 0 3 l 33.3 3 l 33.3 
Brenner 2 2 100.0 2 2 100.0 2 2 -090.0 
Mixed meso- ] Q 0 l 0 0 } 0 0 
dermal 
Germ cell tumor 
Endodermal 9 4 44.4 9 2 22:2 9 4 44.4 
sinus tumor 
Teratoma 6 2 33.3 7 4 57.1 7 5 71.4 
Dysgerminoma z 2 100.0 2 0 0 2 2 -00.0 
Mixed type — — — ] 0 0 ] 0 0 
Sex cord stromal 2 0 0 2 0 0 2 0 0 
tumor 
Total 58 25 43.1 74 36 48.6 74 42 56.8 
Table VI. Clinical staging ane lymph node metastasis 
Epithelial cancer Germ cell tumor 
No. of No. % No. of No. % 
Stage cases positive positive cases positive positive 
I 5 o 4 2 5C.0 
II 7 3 42.9 l ] 10C.0 
Ii 39 26 66.7 9 6 6€.7 
IV 2 2 100.0 5 2 4C.0 
Total 53 31 58.5 19 1] 57.9 


Table VII. Histologic grading and lymph node 
metastasis in epithelial cancer 
















No. 
positive 


% 


positive 





Histologic grading No, of cases 


Borderline 4 0 0 

Highly differentiated 10 5 50.0 
Moderately differentiated 30 22 73.3 
Poorly differentiated 6 3 50.0 
Total 50 30 60.0 


of the blockage of the lumbar lymph chain by tumor 
emboli, and bearing little clinical significance. In a 
monograph Plentl and Friedmar.” pointed out that in 
addition to the classical lymphatic pathway there are 
lymph trunks from the ovary coursing within the folds 
of broad ligaments and reaching the pelvic wall to ter- 
minate directly in the iliac nodes. This statement has 
recently been proved by a report of Chen and Lee’ in 
which nine of 61 cases of epithelial carcinoma of ovary 
were found to have positive pelvic nodes only without 
concomitant para-aortic node metastasis. Burghardt 
et al.,° based on the results of lymphadenectomy in 48 
cases of ovarian cancer, thought that pelvic nodes were 


involved earlier than the para-aortic nodes and even 
sugzested that aortic nodes were involved only in cases 
of positive pelvic nodes. However, because some of 
their cases were documented as having aortic node me- 
tastasis only through palpation, the conclusion should 
be considered with some reservation. 

The results of the present study clearly demonstrate 
the importance of lymphatic metastasis in ovarian can- 
cer. In 49 cases with systemic lymphadenectcmy, the 
incidence of positive para-aortic nodes was 46.9% and 
that of positive pelvic nodes was 53.1%, indicating that 
malignant tumors of the ovary may have an equal 
chance to metastasize along the lymphatic pathways to 


aortic and pelvic nodes. Particularly interesting is the 


fact that in 32 cases with positive nodes, six (18.8%) 
had only para-aortic node involvement and nine 
(28.1%) had only pelvic node involvement, giving fur- 
ther confirmation of Plentl and Friedman’s statement 
that the lymphatic drainage from the ovary may carry 
the tumor cells directly to nodes on the pelvic wall with- 
out traversing the para-aortic nodes. 

Regardless of the efforts in using newer and more 
sophisticated surgical, radiotherapeutic, and chemo- 
therapeutic modalities of treatment, the survival rate 
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Table VIII. Site of primary cancer and pelvic node metastasis 


Site of 
primary No. of 
cancer Tumor type cases 
Left ovary Epithelial 19 
Germ cell 13 
Right ovary Epithelial H 
Germ cell 6 
Bilateral Epithelial 23 
Germ cell 0 


from ovarian cancer has shown little improvement in 
the last decades. The difficulty in irradicating the 
widely disseminated intraperitoneal lesions has prob- 
ably accounted for the main reason of failure of the 
efforts of gynecologists, but the menace of the silent 


spreading of the tumor through the lymphatic channels 


retroperitoneally should not be overlooked. According 
to the results of this preliminary study, it is suggested 
that retroperitoneal lymphadenectomy during routine 
cytoreductive surgery for ovarian cancer may be an 
ideal choice for both staging evaluation and therapeutic 
purpose, provided the condition of the patient permits. 
Since the revision of the FIGO staging classification for 
ovarian cancer in 1975,° positive retroperitoneal lymph 
nodes have been included in the criteria of Stage III 
disease. Whenever the retroperitoneal nodes are in- 
volved, the patient should be categorized as Stage III 
instead of I even though the primary cancer appears 


to be confined to the ovary. This revision requires a 


reevaluation of the traditional methods in assessing the 
stage of patients with ovarian cancer. Although a thor- 
ough surgical exploration during the initial operation 
is very important in accurately assessing the extent of 
intraperitoneal tumor, evaluation of lymph node in- 
volvement by palpation according to our data is not 
adequately reliable. Lymphangiography may be con- 
sidered a very useful part of detecting lymph node 
involvement, but difficulties in interpreting the lym- 
phographic manifestations on account of lack of studies 
correlating radiologic with histologic abnormalities 
limit the popularization of this technique. Therefore 
the most reliable method in assessing lymph node in- 
volvement in ovarian cancer is to subject the resected 
lymphatic tissue to pathologic examination. In this se- 
ries, six (35.3%) of 18 cases categorized as Stage I or 
II during surgical exploration were found to have pos- 
itive nodes after histologic study of the removed lym- 
phatic tissue and should be reclassified as Stage III. 
From the therapeutic point of view, the current policy 
is for surgeons to do their best to remove all the primary 
and metastatic tumors in the peritoneal cavity. Accord- 
ing to the results of the present series and others,® ° 
the incidence of retroperitoneal nodal involvement is 


Positive lymph node 


3 6 l1 57.9 
2 l 6 46.2 
1 0 ] 9.1 
0 0 0 
l 14 18 78.3 
0 0 0 


Tabie IX. Primary or secondary operation in 
relation to lymph node metastasis 


. No. % 
Operation No. of cases positive positive 
Primary 45 ' 26 57.8 
Secondary 29 16 55.2 
Total 74 42 56.8 


around 50%. Therefore all attempts in improving the 
prognosis of ovarian cancer by emphasizing only the 
thoroughness of resection of intraperitoneal tumors 
will be futile if the presence of this important route of 
metastasis which may transport cancer cells to any part 
of the body is neglected. Retroperitoneal lymphade- 
nectomy will not only lessen the tumor burden by re- 
moving the cancer-bearing nodes but also may provide 
a guideline for further treatment. If positive pelvic 
nodes and negative para-aortic nodes are found on 
pathologic examination, simple lymphadenectomy will 
be sufficient. If positive para-aortic nodes are found, 
postoperative irradiation of the lumbar lymph chain 
up to the level of the diaphragm may be necessary in 
irradicating the upward-spreading tumor cells. Burg- 
hardt et al.* compared the actuarial survival rates after 
operative treatment in Stage IHI ovarian cancer patients 
with and without lymphadenectomy. In 21 cases with 
lymphadenectomy the survival rate at 2 years was 
95.1%, whereas in 10 cases without lymphadenectomy 
the survival rate was only 40%. Although the compar- 
ability of the survival rates of these two groups of pa- 
tients was limited because of the difference in post- 
operative chemotherapeutic regimens used, the results 
nevertheless indicate the possibility of improving the 
therapeutic results and prognosis of ovarian cancer 
through retroperitoneal lymphadenectomy. 
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Table X. Lymph node metastasis and outcome of patients 


Remission 


Recurrence Death 
Lymph node No. of 
Yes 42 22 52.4 2 4.8 18 42.8 
No 32 16 50.0 5 15.6 11 34.4 
Total 74 38 51.4 7 9.4 29 39.2 
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Experimental evidence for failure to implant as a mechanism 
of infertility associated with endometriosis 


Do Won Hahn, Ph.D., Robert P. Carraher, B.S., Robin G. Foldesy, Ph.D., and 


J. L. McGuire, Ph.D. 
Raritan, New Jersey 


The effect of endometriosis on pregnancy, from ovulation through day 14 of pregnancy, was studied in an 
animal model previously developed and validated with the use of the rabbit. Endometrial tissue was 
implanted surgically in rabbits and allowed to grow for 11 weeks without hormonal supplementation. The 
animals were artificially inseminated with semen from bucks with established fertility and human chorionic 
gonadotropin was administered to induce ovulation. The animals were put to death 1, 4, 8, or 14 days 
later. The number of corpora lutea and fertilized ova was not affected through day 4. However, on days 8 
and 14, a significant reduction in the number of normal fetuses was observed. In a second experiment 
peritoneal fluid from animals with endometriosis was transferred to normal rabbits 1 day before artificial 
insemination. A significant reduction in the number of normal fetuses was observed. These studies 
suggest that failure of nidation due to the maternal environment may be a major factor in infertility 
associated with endometriosis. AM J Osstet GynecoL 1986;155:1109-13.) 


Key words: Endometriosis, infertility, fetal implantation 


Endometriosis is a common disease afflicting women 
in their reproductive years with an incidence reported 
to range from 7% to 50% of menstruating women.’ It 
is classically characterized by a triad of symptoms con- 
sisting of dysmenorrhea, dyspareunia, and infertility. 
Since endometriosis is often found in women with 
otherwise unexplained infertility, it is commonly im- 
plicated as a causative factor in infertility. Several hy- 
potheses by which mild endometriosis could lead to 
infertility have been suggested, including interference 
with either ovulation,? ovum transport, or implan- 
tatian* or possibly induction of early spontaneous 
abortion.° 

We previously described an animal model in which 
endometriosis was surgically induced in rabbits in an 
effort to explore new drug therapies for this disorder.® 
Endometriosis in this animal model, as in women, 1s 
associated with impaired fertility and is responsive to 
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danazol or histrelin (luteinizing hormone—releasing 
hormone agonist) treatment.’ In studies reported here, 
we have explored the cause of infertility in this animal 
model. Our results suggest that the infertility can be 
attributed to a factor produced by endometriomas and 
found in peritoneal fluid that interferes with the im- 
plantation of fertilized ova. 


Material and methods 


Animals. Virgin New Zealand White rabbits bred at 
the Ortho Research Laboratories and weighing 3 to 4 
kg were used in this study. Animals were caged indi- 
vidually in environmentally controlled rooms with a 12- 
hour light-12-hour dark cycle. Water and food were 
available as desired. 

The rabbit reproductive tract consists of a vagina 
leading to two cervices, each opening into separate 
horns of the duplex uterus. The relatively long uterine 


‘horns terminate at the sphincter-like uterotubal junc- 


tions where the oviducts begin. The nearly straight ovi- 
ducts consist of three distinct regions: a constricted, 
muscular isthmus, a dilated ampulla where fertilization 
occurs, and the open fimbria, which is in close proximity 
to the ovaries. Gestation in the rabbit is approximately 
32 days, during all of which the corpora lutea are 
required. 

Surgical induction of endometriosis. The procedure 
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SURGICAL IMPLANTATION 


Fig. 1. Schematic outline of surgical induction of endometriosis. A portion of the right uterine horn 
is resected and an end-to-end anastomosis performed. The endometrium is dissected from the 
resected portion, sectioned, and sutured to the mesentery at the four sites shown. 


used for induction of endometriosis was described pre- 
viously in detail.° Briefly, a laparotomy was performed 
and approximately 4 cm of the right uterine horn was 
resected, after which an end-to-end anastomosis was 
performed. The resected portion of the uterus was in- 
cised and the endometrium was dissected away from 
the myometrium. The endometrial tissue was sectioned 
into four pieces (3 by 3 by 1 mm), which were sutured 
(4-0 nylon) into the mesentery near the left side of the 
reproductive tract, and the incision was then closed. 
The procedure is summarized in Fig. 1. Sham opéra- 
tion consisted of resection of a 4 cm segment of the 
right uterine horn followed by end-to-end anastomosis. 
Effect on embryonic development. Eleven weeks af- 
ter operation, female rabbits were artificially insemi- 
nated with aliquots of semen pooled from bucks of 
established fertility. Human chorionic gonadotropin 
(hCG, 100 IU) was administered intravenously to in- 
duce ovulation. Normal, intact does and animals that 
underwent sham operation served as controls. | — 
Twenty-eight hours after artificial insemination, 
pregnant female rabbits were put to death. Corpora 
lutea were counted and the oviducts were flushed for 
examination of cleaved ova. Another group of animals 
was put to death on day 4 of pregnancy, and the ovi- 


ducts and uteri were flushed to examine viability and 


location of preimplantation blastocysts. 

To ascertain whether endometriosis had any effect 
on embryonic implantation, a group of animals un- 
derwent laparotomy on day 8 of pregnancy. The num- 
bers of implants and corpora lutea were recorded and 
the animals were allowed to recover. On day 14 of preg- 
nancy, this group was put to death and again implant 
sites and fetal viability were examined. 


Effect of peritoneal fluid on fertility. Norma! female 


_ rabbits or those with induced endometriosis underwent 


laparotomy, at which time 5 ml of peritoneal fluid was 
aspirated. The entire aspirate of each rabbit was in- 
jected intraperitoneally into a normal, intact rabbit. Af- 
ter 24 hours, the recipient rabbits were inseminated 


artificially and examined on day 14 of pregnancy as 


described above. 

Hormonal analysis of peritoneal fluid. In a separate 
experiment, peritoneal fluid was aspirated at the initial 
operation and 11 weeks later from rabbits (n = 6) with 
well-established endometriosis. ‘The aspirates were cen- 
trifuged (2000 rpm for 20 minutes) and the superna- 
tants were stored frozen. 

Progesterone and estradiol levels were determined 
by a double-antibody radioimmunoassay procedure 
with the use of-iodine 125—labeled ligands (Pantex, 
Santa Monica, California) after organic solvent extrac- 
tion. Prostaglandin F,, also was measured by radioim- 
munioassay with the use of dextran-coated charcoal sep- 
aration. The antibody was purchased from Seragen 
(Boston, Massachusetts) and [*H]prostaglandin Foa, 
from New England Nuclear (Boston, Massachusetts). 

Statistical analysis. Means between groups were 
compared with the. use of a one-tailed Student ¢ test.’ 


Results 


Effect of endometriosis on fertilization and embry- 
onic development. All female rabbits. regardless of 
their condition, ovulated after hCG administration as 
determined by the presence of ova 28 hours later or 
by the presence of corpora lutea at later time points. 
All groups, experimental, sham, and intact control, dis- 
played normal distribution of ova, embryos, or fetuses 


Volume 155 Infertility mechanism in endometriosis 1111 
Number 5 


Table I. Effect of endometriosis on ovulation, fertilization, and embryonic implantation 


















No. of fertilized ova or fetuses Sista + SE) 


Day of 
oa, 


No. of 
corpora lutea 
(mean + SE). 


Recovery* (%) 
(mean + SE) 


Sham+ l 9.8 + 1.4 0 9.8 + 1.4 100.0 + 0.0 
(n = 4) 

Intact (n = 8) l 9.1 +15 0 0 11.6 + 0.8 92.6 + 5.1 

Endometriosis l 10.8 + 0.6 0 0 11.5 + 0.5 95.5 + 4.6 
(n = 4) 

Intact (n = 3) 4 0 9.0 + 0.0 0 11.0 + 0.0 81.8 + 0.0 

Endometriosis 4 0 7.52 14 0 10.3 + 1.4 73.1 + 10.7 
(n = 4) 

Intact (n = 6) 8 0 0 7.3 + 0.9 9.0+ 1.3 83.3 + 4.4 

Endometriosis 8 0 0 4.8 + 1.6 11.2 + 1.0 47.6 + 16.4} 
(n = 5) 

Shamt 14 0 0 9.0 + 0.9 10.3 + 0.5 87.2 + 5.1 
(n = 4) 

Intact (n = 6) 14 0 0 7.3 + 0.9 9.0 + 1.3 83.3 + 4.4 

Endometriosis 14 0 0 3.8 + 1.7 11.2 + 1.0 38.1 + 16.94 
(n = 5) 


*Percent recovered = number of ova, embrvos, or fetuses divided by number of corpora lutea x 100% for each animal. Mean 
percent represents average of individual percentages. 


tSham = rabbits that had right uterine horn resection and end-to-end anastomosis. 
Significantly different from intact rabbits (p < 0.05, Student's ¢ test). 


Table II. Effect of peritoneal fluid from does with surgically induced endometriosis on pregnancy in 
normal, intact rabbits 





Donor-rectfnent No. of corpora lutea No. of fetal implants Recoveryt (Fo) 
animals* (mean + SE) (mean + SE) (mean + SE) 


Intact-intact 11.3 + 0.9 9.3 + 1.2 82.3 + 9.1 
Endometriosis-intact ; 12.3 £ 1.1] 4.8 = 1.34 l 39.7 + 10.8t 


*Approximately 5 ml of peritoneal fluid was given intraperitoneally to intact does 24 hours before artificial insemination. 
Animals were killed and fetal implants counted on day 14 of pregnancy. 


}Percent recovered = number of fetuses divided by number of corpora lutea x 100 for each animal. 
Significantly different from intact rabbits (p < 0.05, Student’s ¢ test). 


et eee - 


between right and left uterine horns. Also controls that mals. This resulted in a lower rate_of implantation, 
underwent sham operation, where present, possessed which was statistically significant (intact: 83.3% + 
fertility rates comparable to those of intact controls. 4.4%; endometriosis: 47.6% + 16.4%; p < 0.05). On 
When oviducts were flushed 28 hours after artificial day 14 of pregnancy, both the reduced number of im- 
insemination, fertilization was not impaired since the plants and the rate of implantation were confirmed at 
mean percent of ova fertilized (as determined by the autopsy. While sham operation and intact rabbits had 
number of cleaved ova relative to the number of cor- comparable numbers of fetuses and rates of implan- 
pora lutea) in rabbits with endometriotic implants was tation (sham operation: 9.0 fetuses or 87.2%; intact: 
similar to that in normal animals (intact: 92.6% + 7.3 fetuses or 83.3%), rabbits with endometriosis had 
5.1%: endometriosis: 95.5% + 4.6%). Four days after significantly fewer numbers in both parameters (3.8 
insemination, there was no significant difference be- fetuses or 38.1%, p < 0.05, Table I). 
tween experimental and norma] animals when the Effect of peritoneal fluid on fertility. When peri- 
mean number or percent of blastocysts in the uteri was toneal fluid from animals with endometriosis was in- 
compared (intact: 11.0 blastocysts or 81.8%; endome- jected into normal does, the mean (+SE) percent of 
triosis: 10.3 blastocysts or 73.1%; Table I). fetal implantations (relative to corpora lutea) on day 14 
Effect on embryonic implantation. When rabbits of pregnancy was 39.7%. Intact animals receiving peri- 
were examined by laparotomy on day 8 of pregnancy, toneal fluid from normal rabbits exhibited implantation 
there were generally fewer implant sites in animals with rates of 82.3% (Table II). 


surgically induced endometriosis than in control ani- Hormonal analysis of peritoneal fluid. No signifi- 
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Table OI. Peritoneal fluid analysis from rabbits with surgically induced endometriosis (mean + SE) 









Extradiol Progesterone 
n (pg/ml) (ng/ml) 





Prostaglandm2, 


Group (ng/ml) 
Induced endometriosis 6 12.33 + 4.19 <0.5 14.1 + 5 
Control 5 11.42 £ 2.9 <0.5 13.4 + 4 


cant differences in the mean concentrations of pro- 
gesterone, estradiol, or prostaglandin F,, could be de- 
tected in the peritoneal fluid of normal animals com- 
pared with that of those with endometriosis (Table ITI). 


Comment 


It has been suggested previously, on the basis of an- 
imal studies, that the impaired fertility associated with 
‘endometriosis is mediated by the absence of follicular 
rupture, pelvic adhesions, or both.” '° In one study of 
primates,” it was reported that approximately one third 
of the animals with severe endometriosis had sponta- 
neous abortions. However, these observations were lim- 
ited to a small sample size. 

We demonstrated previously that the degree of in- 
fertility correlated closely with the severity of the en- 
dometriosis, as determined by the weight of the ectopic 
endometrial implant, in the same animal model used 
in the present study.’ Those results suggested that, at 
least under controlled experimental conditions, ectopic 
endometriomas influence reproductive performance. 
In the present study, all animals ovulated in response 
to hCG stimulation, but only 38% of the ova were im- 
planted on day 14 of pregnancy in the experimental 
group with endometriosis compared with 83% in intact 
control animals and 87% in sham operation rabbits. 
The absence of pelvic adhesions and the occurrence of 
normal fertilization, embryonic cleavage, and embry- 
onic transport in the present study support the sug- 
gestions by Olive et al.’ that the infertility associated 
with endometriosis results from a failure of embryos 
to implant. Of course, it is impossible to differentiate 
between spontaneous abortion and failure to implant 
with the study design used in these experiments, but 
our working definition of spontaneous abortion in- 
volves the failure to successfully implant and maintain 
a normal pregnancy. | 

Although several reports®* '! have suggested the ex- 
istence of a factor in the peritoneal fluid, which is os- 
tensibly derived from endometriosis and causes the in- 
fertility associated with the disease, the nature of this 
factor remains unknown. For example, an increase in 
peritoneal fluid volume and prostaglandin content has 
been reported by Drake et al.* ™ but that finding has 
been refuted. Other peritoneal factors that investi- 
gators have suggested may be associated with this in- 
fertility have included activation of peritoneal fluid 
macrophages"! and autoimmune phenomena.” 


In the present study, the fertility of animals was im- 
paired after they received peritoneal fluid from rabbits 
with induced endometriosis. This provides further ev- 
idence that the fertility reduction in the present study 
is not an artifact of surgical trauma. In preliminary 
attempts to date to identify a causative factor in the 
fluid, however, we could detect no differences be- 
tween experimental and control animals in the perito- 
neal levels of progesterone, 178-estradiol or prosta- 
glandin Fy,. a 

In summary, the results of these animal studies sug- 
gest that the mechanism of infertility in endometriosis 
may be associated with a factor in the peritoneal fuid 
that either prevents implantation or induces early spon- 
taneous abortions. 
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The effect of carbohydrate overfeeding on blood pressure in 
the pregnant, spontaneously hypertensive rat 


Robert A. Ahokas, Ph.D., Sam L. Reynolds, M.S., Yung-Fun Wang, M.S., 


Garland D. Anderson, M.D., and Jeffrey Lipshitz, M.B. 


Memphis, Tennessee 


Carbohydrate overfeeding increases blood pressure in the spontaneously hypertensive rat. This study was 
undertaken to determine if dietary carbohydrate supplementation throughout pregnancy could prevent the 
normal fall in blood pressure during the last week of gestation. Systolic blood pressure in the control-fed 
pregnant rats decreased progressively during the last week and was in the normotensive range by term; 
that of the carbchydrate-supplemented, pregnant rats remained high and was not significantly lower than 
that of nonpregnant rats at any time. At term, daily urinary norepinephrine excretion, but not epinephrine 
excretion, by the carbohydrate-supplemented pregnant rats was twice that of control-fed nonpregnant and 
pregnant rats, suggesting that the hypertension was due to increased sympathetic nervous activity. 
Carbohydrate supplementation had no effect on blood pressure or catecholamine excretion in pregnant, 
normotensive Wistar-Kyoto rats. There were no differences in litter size or mean birth weight between diet 
treatment groups of either strain. (AM J OgsTet Gynecot 1986;155:1113-8.) 


Key words: Hypertension during pregnancy, systolic blood pressure, carbohydrate 
overfeeding, catecholamine excretion, sympathetic nervous system, spontaneously 


hypertensive rat 


Maternal hypertension occurs at some time. during 
gestation in 7% to 10% of human pregnancies.’ It is 
responsible for about 20% of all maternal deaths and 
nearly 12% of perinatal deaths in the United States; 
the incidence of chronic fetal distress and/or intra- 
uterine growth retardation due to hyperterision is im- 
possible to estimate. Included under this broad heading 
are all the conditions during pregnancy characterized 
by an elevated blood pressure (that is, >140 mm Hg 
systolic and >90 mm Hg diastolic). Some ‘conditions, 
like chronic essential hypertension or hypertensive re- 
nal disease, antedate the pregnancy and persist post 
partum, while others such as gestational hypertension 
and preeclampsia-eclampsia, a syndrome peculiar to 
humans, ,are specifically associated with pregnancy. 
Preexisting essential hypertension is thought to be a 
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predisposing factor in preeclampsia, however, and the 
higher the midtrimester blood pressure, the greater the 
likelihood of development of preeclampsia.’ 

The specific factors responsible for the adverse effect 
of pregnancy on blood pressure regulation are not 
clearly understood, in large part because of the lack of 
availability of suitable experimental animal models of 
hypertension during pregnancy. No syndrome like pre- 
eclampsia occurs spontaneously in laboratory animals, 
and pregnancy ameliorates the hypertension in most 
animals in which experimental hypertension has been 
induced by renal ischemia. Pregnancy also has an an- 
tihypertensive effect in genetically hypertensive ani- 
mals, such as the spontaneously hypertensive rat.* 4 
Thus, while the spontaneously hypertensive rat is gen- 
erally thought to be a good model of human essential 
hypertension, it is not regarded as an appropriate 
model of hypertension during pregnancy, particularly 
preeclampsia. 

The mechanism(s) responsible for the development 
and maintenance of hypertension in the spontaneously 
hypertensive rat is not completely understood; how- 
ever, sympathetic nervous system hyperactivity arid in- 
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Fig. 1. Mean systolic blood pressure of control-fed and car- 
bohydrate-supplemented, pregnant and nonpregnant spon- 
taneously hypertensive rats (closed symbols) and Wistar-Kyoto 
rats (open symbols) measured at various times during gestation. 
Vertical bars represent the standard errors of the mean. 
* = Significantly different from the control-fed, nonpregnant 
group of the same strain. ** = Significantly different from 
both the control-fed, nonpregnant and the carbohydrate-sup- 
plemented, pregnant groups of the same strain. 


creased vascular sensitivity to endogenous vasoconstric- 
tor substances seem to play major roles.” Dietary car- 
bohydrate intake has beer shown to have a marked 
effect on sympathetic nervous activity in the sponta- 
neously hypertensive rat; fasting suppresses sympa- 
thetic activity, resulting in a fall in blood pressure,° 
while carbohydrate overfeeding stimulates sympathetic 
nervous activity, causing an increase in blood pressure.’ 
These effects are thought to be mediated through con- 
trol centers in the ventromedial hypothalamus.’ The 
present study was undertaken to determine if sympa- 


thetic nervous stimulation by carbohydrate overfeeding | 


throughout pregnancy might prevent the normal fall 
in blood pressure during the last week of gestation in 
the spontaneously hypertensive rat, thereby producing 
an experimental model of essential hypertension dur- 
ing pregnancy. For comparison, the effect of carbo- 
hydrate overfeeding on blood pressure in pregnant, 
normotensive Wistar-Kyoto rats was also examined. In 
addition, data on the length of gestation, number of 
stillbirths, litter size, and birth weight were also ob- 
tained to evaluate the effect of hypertension on repro- 
ductive performance. 
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Table I. Diet composition 


Ingredient Diet (gmikg) 


Sprayed egg white 200 
Dextrose (anhydrous) 608 
Corn oil 100 
Cellulose* 42 
Vitamin mixt 10 
Salt mixt 40 


*Solka floc, Brown Co., Des Plairies, IL 50018. 


tA.O.A.C, Vitamin mix, fortified with 0.2 mg of biotin per 
gram of vitamin mix, Teklad Mills, Madison, WI 53711. 


tBernhart-Tomarelli salt mix, Teklad Mills. 


Material and methods 


Timed-pregnant and age-matched nonpregnant 
spontaneously hypertensive rats and Wistar-Kyoto rats 
were purchased from Taconic Farms, Inc. (German- 
town, New York). They arrived in our laboratory on 
pestmating day 1 (day 0 being the day spermatozoa 
were found in vaginal smears) and were housed in 
stainless steel wire-bottom cages in a room maintained 
at 22° C. The lights were on from 6:00 am to 6:00 PM. 
The animals were fed as desired a test diet (Teklad 
Mills, Madison, Wisconsin) providing the optimum 
daily amounts of macronutrients and micronutrients 
for the pregnant rat (Table I). Half of the pregnant 
rais of each strain (control-fed, N = 8) received tap 
water to drink, while the other half (carbohydrate-sup- 
plemerited, N = 8) were given 10% sucrose in tap water 
to drink throughout gestation. The nonpregnant fe- 
male rats (N = 5 for each strain) were fed the test 
diet as desired with tap water to drink for 3 weeks. 
Total body weight and food and water consumption 
were monitored semidaily throughout the experimen- 
tal period. 

Systolic blood pressure was measured semidaily, be- 
tween 9:00 AM and 12:00 pm, by the method of Aoi 
et al.’ For these measurements the rats were warmed 
in an incubator at 38° C for 15 minutes to dilate the 
tail vessels, then transferred to a Plexiglass, adjustable 
restrainer cage. Systolic blood pressure was measured 
with a tail-cuff plethysmograph (Narco Biosystems, 
Houston, Texas); each blood pressure determination 
consisted of the average of five individual readings. 

On postmating day 19 (day 19 for the nonpregnant 
rais) the animals were transferred to stainless steel met- 
abolic cages and daily urine output was collected in 
bottles containing 0.5 ml of 6N hydrochloric acid. The 
total volume was recorded each day, and aliquots of the 
daily collections were frozen at — 60° C for later cate- 
cholamine analysis. On the day of parturition the num- 
ber of live-born pups, the number of stillbirths, and 
the mean birth weight were determined within 12 hours 
after delivery. 
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Table I. Food and water consumption and total weight gain of control-fed and carbohydrate-supplemented 
spontaneously hypertensive rats and Wistar-Kyoto rats . 


Spontaneously hypertensive rats 


Pregnant, 
carbohydrate- 
supplemented 












Wistar-Kyoto rats 


Pregnant, 
carbohydrate- 
supplemented 












Nonpregnant, 
control-fed 


Pregnant, 
control-fed 


Nonpregnant, 
‘control-fed 


Pregnant, 
control-fed 


No. of animals 5 8 8 5 8 8 

Diet consumption 14.4 + 0.3 15.8 + 0.4 11.0 + 0.6*+ 16.0 + 1.1 16.6 + 0.8 14.3 + 0.7 
gm/day) 

Water consumption 13.5 + 0.9 17.9 + 0.7 70.1 + 5.7*f 24.9 + 1.5 24.7 + 1.0 46.5 + 7.4*+ 
(ml/day) 

Caloric intaket 54.4 + 1.1 57.8 + 1.4 69.8 + 0.7*F 60.8 + 4.1 63.0 + 2.9 72.8 + 3.6 
(xcal/day) 

Carbohydrate intake 8.9 + 0.2 9.4 + 0.2 13.8 + 0.2*+ 9.9 + 0.7 10.3 + 0.5 13.5 + 0.8*f 
(gm/day) 

Protein intake§ 1.8 + 0.1] 1.9 + 0.1 1.4 + 0.1*f 2.] + 0.1 21 + 0.1 1.8 + 0.1 
(zm/day) . 

Initial weight (gm) 193 +5 194 + 8 206 + 4 279 +8 285 + 8 268 + 10 

Weight gain V1.2 153 83.2 + 4.7* 78.8 + 6.1* 32.4 + 9.6 97.8 + 9.5* 104.8 + 8.1* 


(gm/21 days) 


Values are mean + SEM. 


*Significantly different from value for the nonpregnant, control-fed rats of the same strain (p < 0.05). 
tSignificantly different from value for the pregnant, control-fed rats of the same strain (p = 0.05). 
Calculations based on 3.8 kcal/gm of diet and 0.4 kcal/ml of 10% sucrose. 


§Calculations based on a dietary protein content of 12.8 mg/gm. 


Urine norepinephrine and epinephrine levels were 
measured by means of the catechol-O-methyl-transfer- 
ase method (Cat-A-Kit, Upjohn Diagnostics, Kalama- 
zoo, Michigan). Urine creatinine levels were deter- 
mined by the addition of an alkaline picrate solution 
to the diluted urine (Jaffe reaction) and by measur- 
ing the resultant creatinine picrate colorimetrically -at 
500 nm.’ Protein in the urine was measured by a 
modification of the Lowry method," and urine glucose 
was measured with a glucose analyzer (Beckman In- 
struments, Brea, California). 

The data for the spontaneously hypertensive rats and 
Wistar-Kyoto rats were statistically analyzed separately. 
Systolic blood pressure was analyzed by two-way anal- 
ysis of variance, with the use of the General Linear 
Models procedure (Statistical Analysis System), for de- 
termination of a time/diet-treatment interaction. For 
the determination of significant differences between 
means, a multiple comparison of means was performed 
by the least squares means methods. The food and 
water consumption, urinary excretion, and birth weight 
data were analyzed by one-way analysis of variance. 
Significant differences between means were deter- 
mined by the Scheffe method. The 95% confidence 
level was accepted as statistically significant in all 
analyses. 


Results 


Table II summarizes the food and water consump- 
tion and total weight gain by the control-fed and carbo- 


hydrate-supplemented spontaneously hypertensive rats 
and Wistar-Kyoto rats. The pregnant spontaneously 
hypertensive rats given 10% sucrose to drink ate 30% 


less food but drank nearly four times as much water 


per day as the control-fed pregnant and nonpregnant 
spontaneously hypertensive rats. Thus the carbohy- 
drate-supplemented spontaneously hypertensive rats 
consumed 47% more carbohydrate and 30% less pro- 
tein than their control-fed counterparts, and total daily 
caloric intake was 21% higher than that of the control- 
fed, pregnant spontaneously hypertensive rats. There 
was no significant difference in weight gained during 
pregnancy between the two dietary treatment groups. 

The carbohydrate-supplemented, pregnant Wistar- 
Kyoto rats consumed slightly but not significantly less 
diet than both the pregnant and nonpregnant, control- 
fed Wistar-Kyoto rats. However, they drank nearly 
twice as much water, resulting in a 30% greater car- 
bohydrate intake than that of their control-fed coun- 
terparts. Total daily caloric intake was slightly but not 
significantly increased. There was no significant dif- 
ference between the two dietary treatment groups in 
weight gain during pregnancy. 

Fig. 1 illustrates the changes in systolic blood pressure 
in the pregnant and nonpregnant spontaneously hy- 
pertensive rats and Wistar-Kyoto rats during the ex- 
perimental period. There was a significant time/di- 
etary-treatment interaction (F = 6.26, p < 0.001) for 
the spontaneously hypertensive rats. Although there 
were no significant differences in blood pressure be- 
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Table ITI. Urinary excretion of creatinine, catecholamines, protein, and glucose during the last 2 days 
of gestation in control-fed and carbohydrate-supplemented spontaneously hypertensive rats and 


Wistar-Kyoto rats 
l Spontaneously hypertensive rats 


Wistar-Kyoto rats i 





Pregnant, Preznant, 
Nonpregnant, Pregnant, carbohydrate- Nonpregnant, Pregnant, carbohydrate- 
control-fed control-fed supplemented control-fed control-fed supplemented 
Urine output (mi/day) 54+ 1.0 5.2 + 0.8 39.4 + 4.0*+ 9.7 + 0.9 8.5 + 0.8 19.4 + 4.1* 
Urine creatinine 4.9 + 0.2 4.6 + 0.3 6.2 + 0.7 9.4 + 1.0 8.4 + 0.6 9.7 + 0.8 
(mg/day) 
Urine epinephrine 0.18 + 0.02 0.092001 0.11 + 0.0! 0.09 + 0.01 0.08 + 0.01 0.07 + 0.01 
(ug/mg creatinine/day) 
Urine norepinephrine 0.19 + 0.04 0.20+ 0.03 041 + 0.06*¢ 0.14 + 0.02 0.20 +0.02 0.20 + 0.03 
(ug/mg creatinine/day) 
Urine protein 4.5 + 0.6 4.1+ 0.5 5.0 + 0.5 3.9 + 0.3 4.6 + 0.4 3.9 + 0.4 
(mg/mg creatinine/day) | 
Urine glucose 7.4% 1.5 0.9 + 0.1 1.4 + 0.7 2.9+ 1.1 


ge wee 4.5 + 1.6 
(mg/mg creatinine/day) 


Values are mean + SEM. 


*Significantly different from the value for nonpregnant, control-fed rats of the same strain (p 0.05.) 


+Significantly different from the value for pregnant, control-fed rats of the same strain (p < 0.05). 


tween any of the diet-treatment groups during the first _ 


2 weeks of the experimental period, during the last 
week of gestation blood pressure of the control-fed, 
pregnant spontaneously hypertensive rats progres- 
sively fell and was significantly lower than that of both 
the nonpregnant and the carbohydrate-supplemented 
pregnant spontaneously hypertensive rats at each time 
point. Blood pressure of the carbohydrate-supple- 
mented, pregnant spontaneously hypertensive rats also 
decreased slightly during the last week of pregnancy, 
but it was not significantly lower than that of the non- 
pregnant spontaneously hypertensive rats at any time. 
There was no significant time/diet-treatment interac- 


tion for the Wistar-Kyoto. rats (F = 0.98, p = 0.47). . 


Blood pressure of the pregnant Wistar-Kyoto rats was 
slightly but significantly lower than that of the non- 
pregnant Wistar-Kyoto rats at term. 

Daily urine output and urinary creatinine, norepi- 
nephrine, epinephrine, protein, and glucose excretion 
during the last 2 days of gestation are shown in Ta- 
ble III. Urine output by the carbohydrate-supple- 
mented, pregnant spontaneously hypertensive rats was 
more than 7 times greater than that of the control-fed 
pregnant and nonpregnant spontaneously hyperten- 
sive rats. Creatinine excretion was slightly but not sig- 
nificantly increased. Carbohydrate supplementation 
did not significantly increase daily epinephrine excre- 
tion but resulted in a twofold increase in daily norepi- 
nephrine excretion as compared with that of both the 
pregnant and the nonpregnant, control-fed sponta- 
neously hypertensive rats. There were no significant 
differences between any of the treatment groups in 
urine protein or glucose excretion. Urine output by the 
carbohydrate-supplemented, pregnant Wistar-Kyoto 


rats was about twice as high as that of the pregnant and 
nonpregnant, control-fed Wistar-Kyoto rats There 
were no significant differences betweer: groups in cre- 
atinine, epinephrine, norepinephrine, >rotein, or glu- 
cose excretion. 

Carbohydrate supplementation had no statistically 
significant effect on litter size, number of stillbirths, 
mean birth weight, or day of delivery in either strain 
(Table IV). | 


Comment 


The results of the present study confirm previous 
reports that maternal blood pressure normally de- 
creases during the last week of gestation in the spon- 
taneously hypertensive rat.**" This fall in blood pres- 
sure may be as much as 50 to 60 mm Hg, depending 


_ on the initial, prepregnant level. Although the specific 


mechanism(s) responsible for this systernic vascdilation 
during pregnancy are not known, several possible fac- 
tors have been speculated on, including increased cir- 
culating levels of progesterone’ and increased produc- 
tion of prostaglandin E, and 1,,'*° all of which peak 
during the last week of pregnancy coincident with the 
fall in blood pressure. 

The present results also demonstrate that high blood 
pressure can be maintained throughout pregnancy un- 
der some circumstances. Mean systolic blood pressure 
of the spontaneously hypertensive rats supplemented 
with 10% sucrose throughout pregnancy was not sig- 
nificantly lower than that of the control-fed, nonpreg- 
nant spontaneously hypertensive rats al any time dur- 
ing gestation, and was significantly higher than that of 
the control-fed, pregnant spontaneously hypertensive 
rats during the last week of pregnancy. The increased 
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Table IV. Reproductive performance of control-fed and carbohydrate-supplemented spontaneously 
hypertensive rats and Wistar-Kyoto rats 


Spontaneously hypertenstve rats Wistar-Kyoto rats 


Carbohydrate- Carbohydrate- 
Control-fed supplemented Control-fed supplemented 
Day of parturition 21:5 20.2 2r] a OS Æ 0] 21.2250.) 
Litter size 9.8 + 0.7 8.8 + 1.0 dig ee 10.8 + 1.4 
Mean birth weight (gm) 46+ 0.1 4.8 + 0.2 5.6 + 0.2 5.6 + 0.2 
No. stillborn/no. live-born 0/78 1/70 2/63 0/86 


Values are mean + SEM. 


daily urinary excretion of norepinephrine during the 
last 2 days of pregnancy suggests that the higher blood 
pressure in the carbohydrate-supplemented, pregnant 
spontaneously hypertensive rats probably was due to 
increased sympathetic nervous system activity. Al- 
though certainly not definitive, urinary excretion of 
norepinephrine, the sympathetic neurotransmitter, is 
an indicator of average daily sympathetic nervous ac- 
tivity, while that of epinephrine is an indicator of ad- 
renal medullary activity.” The influence of nutrient 
intake on the functional] state of the sympathetic ner- 
vous system has recently been recognized. Caloric re- 
striction decreases, and carbohydrate administration 
increases sympathetic nervous activity, apparently by 
increasing or decreasing, respectively, the inhibitory in- 
put irom the ventromedial hypothalamus on the brain 
stem centers controlling sympathetic outflow.” The 
sympathetic nervous system of the spontaneously hy- 
pertensive rat is particularly sensitive to changes in ca- 
loric intake. A 30% increase in dietary carbohydrate 
intake evoked a 10% increase in blood pressure in the 
male spontaneously hypertensive rat.” In contrast, di- 
etary carbohydrate supplementation had no effect on 
the blood pressure of normotensive Wistar-Kyoto con- 
trols. Clearly the present results indicate that this re- 
sponse is not limited to male rats, and a high dietary 
carbohydrate intake prevented the normal fall in blood 
pressure in the pregnant spontaneously hypertensive 
rats but had no effect on blood pressure in the pregnant 
Wistar-Kyoto rats. The reason for the vascular hyper- 
responsiveness of the spontaneously hypertensive rat 
to dietary carbohydrate intake compared with that of 
normotensive Wistar-Kyoto controls is not clear. How- 
ever, since carbohydrate supplementation had no sig- 
nificant effect on daily urine norepinephrine excretion 
in the pregnant Wistar-Kyoto rat, it may be speculated 
that the ventromedial hypothalamic control center is 
less sensitive to changes in carbohydrate intake than 
that of the spontaneously hypertensive rat, resulting in 
little change in sympathetic nervous outflow from the 
brain stem. In addition, it is well established that the 
vascular smooth muscle cells of the spontaneously hy- 
pertensive rat are more sensitive to the constrictor ef- 


fects of norepinephrine than those of normotensive 
Wistar-Kyoto rats.” Thus any increase in sympathetic 
nervous outflow would be expected to have a greater 
vasoconstrictor effect in spontaneously hypertensive 
rats than in Wistar-Kyoto rats. 

It also would appear from these results that main- 
taining high blood pressure until term has no adverse 
effect on reproductive performance in the sponta- 
neously hypertensive rat, but sample size is too small 
to draw any firm conclusions. There were no statistically 
significant differences between the control-fed and the 
carbohydrate-supplemented groups of either strain in 
length of gestation, litter size, birth weight, or number 
of stillborn pups. The Wistar-Kyoto pups were larger 
than the spontaneously hypertensive pups, but no con- 
clusion can be drawn from this result because the Wis- 
tar-Kyoto strain was larger to begin with. There was a 
tendency for litter size in the carbohydrate-supple- 
mented spontaneously hypertensive rats to be reduced 
compared with that of the control-fed spontaneously 
hypertensive rats, but this was offset by a slightly larger 
mean birth weight. The larger mean birth weight may 
have been due to a greater availability of circulating 
nutrients for fetal growth secondary to reduced litter 
size and/or increased caloric consumption by mother. 
These results are in direct contrast with those of Lorenz 
et al., who noted a positive correlation between the 
number of live-born pups and the absolute decrease in 
blood pressure during the last week of gestation in the 
spontaneously hypertensive rat but not in the normo- 
tensive Wistar-Kyoto rat. However, they did not eval- 
uate the relationship between birth weight and blood 
pressure change. On the other hand, our results sup- 
port those of Karlsson et al.,’° who noted no effect on 
fetal and placental weights or litter size in Wistar rats 
with experimentally induced renal hypertension de- 
spite the fact that placental blood flow was significantly 
reduced at term. Thus further work is necessary to 
evaluate the effect of hypertension maintained by 
carbohydrate supplementation on reproductive per- 
formance. 

In summary in the spontaneously hypertensive rat 
there is a remarkable ability to regulate blood pressure 
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during pregnancy. Under normal circumstances blood 
pressure falls progressively during the last week of 
pregnancy until it is in the normotensive range by term. 
In this regard it has not been considered to be an ap- 
propriate model of human hypertension during preg- 
nancy, in particular, of preeclampsia. However, sym- 
pathetic nervous stimulation with dietary carbohydrate 
supplementation maintains hypertension until partu- 
rition. Therefore, the pregnant spontaneously hyper- 
tensive rat fed a high-carbohydrate diet may indeed be 
an appropriate model of human essential hypertension 
during pregnancy. This may prove to be a useful ex- 
perimental model in which to evaluate the efficacy and 
safety of antihypertensive drugs used in the clinical 
management of human essential hypertension during 
pregnancy. 
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Amniotic fluid embolism and leukotrienes 


Masao Azegami, M.D., and Norimasa Mori, M.D. 
Miyazaki, Japan 


Extracts of experimental amniotic fluid embolism from rabbit lungs showed the same biologic activities as 
leukotrienes and a peak on high-performance liquid chromatography at the same retention time as 
leukotriene D, Acute death was prevented by administration of 5-lipoxygenase inhibitor. These results 
suggest the possibility that leukotrienes contribute tc the clinical and pathophysiologic features of amniotic 


fluid embolism. (Am J OssTeT GYNECOL 1986;155:1 119-24.) 


Key words: Amniotic fluid embolism, leukotrienes 


Amniotic fluid embolism is one of the most cata- 
strophic complications of obstetric patients. Meyer" first 
described the syndrome in 1926. In the following year, 
Warden? intravenously infused rabbits with autologous 
amniotic fluid, which resulted in convulsions and death 
in 30% of the animals. He suggested that large quan- 
tities of amniotic fluid escaping into the maternal cir- 
culation was a possible mechanism of eclampsia. In 
1941 Steiner and Lushbaugh’ reported on eight au- 
topsied cases of amniotic fluid embolism and experi- 
mentally produced the disease in animals. Since then, 
many investigators have reproduced this syndrome in 
_various species of experimental animals by intravenous 
infusion of autologous, homologous, and human am- 
niotic fluid. The clinical features of the illness have been 
well documented. 

The symptoms of amniotic fluid embolism are dys- 
pnea, acute shock, and bleeding tendency. The cardio- 
vascular symptoms of amniotic fluid embolism resemble 
those of anaphylaxis and in fact may be caused by ana- 
phylaxis itself. Although the etiologic mechanism of 
amniotic fluid escaping into the maternal circulation 
seems to be fully established, mediators that cause the 
clinical symptoms remzin unclear. Slow-reacting sub- 
stance, now characterized as a leukotriene, a newly dis- 
covered arachidonic metabolite, is released by various 
stimuli, including immunologic challenge and has long 
been considered an important mediator of immediate 
hypersensitivity reactions, such as bronchoconstriction 
in allergic asthma and anaphylactoid shock: We ex- 
amined both the occurrence of leukotrienes in the lungs 
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of experimental amniotic fluid embolism models as an 
involved mediator and the alleviating effects of lipoxy- 
genase inhibitor. 


Material and methods 


Production of experimental amniotic fluid embo- 
lism. Thirty-six female Japanese albino rabbits weigh- 
ing from 2.23 to 3.42 kg were divided into five groups 
according to the substance injected: amniotic fluid, sa- 
line solution, AA861 (a selective 5-lipoxygenase inhib- 
itor), supernatant, and precipitate (Table I). To cause 
experimental amniotic fluid embolism without fail, hu- 
man amniotic fluid collected aseptically at the time of 
delivery was centrifuged at 3000 rpm for 15 minutes 
at 4° C, and then 2 ml of precipitate was resuspended 
in 20 ml of supernatant (adjusted amniotic fluid).’ 

The adjusted amniotic fluid and 22 ml of saline so- 
lution were rapidly injected in ten seconds through the 
marginal ear vein of the amniotic fluid group and the 
saline group, respectively.* The rabbits in the super- 
natant group were injected with 22 ml of supernatant 
only, and the precipitate group was injected with 22 ml 
of resuspended precipitate (2 ml of precipitate in 20 
ml of saline solution). Rabbits of the AA861 group were 
orally given AA861 (20 mg/kg), followed by injection 
of the adjusted amniotic fluid 1 hour later. AA861 
(Takeda Chemical Industries Ltd., Osaka, Japan), 
which is insoluble in water, was emulsified in corn oil 
and administered orally through a stomach tube. 

Immediately after death or induction of death with 
diethyl ether 30 minutes after injéction, lungs of the 
three groups were removed and finely diced. Lung tis- 
sue (2.4 gm) was stirred in 120 ml of 80% ethyl alcohol 
in saline solution (fraction A), and another 2.4 gm in 
120 ml of 80% ethyl alcohol in distilled water (fraction 
B). After 60 min at 0° C the mixture was centrifuged 
at 5000 rpm for 15 miriutes and the supernatant was 
filtered through gauze and rotary evaporated. The res- 
idue of fraction A was resuspended in saline for bioas- 
say and that of fraction B in methanol for high-per- 
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Fig. 1. Log dose-response curve of leukotriene D,. The abscissa indicates the final concentration of 
leukotriene D, in the organ bath. The ordinate indicates the height of the concentration in the 


record. 


Table I. Concentration of leukotriene in experimental groups 














Survival 






Body weight time 
Group (kg) (min; sec) 
Amniotic fluid 2.76 + 0.25 5.49 + 9.38 
(n = 10) 
AA861 3.00 + 0.29 — 
(n = 10) | 
Saline solution 2.95 + 0.11 _ 
(n = 10) 
Supernatant 3.08 + 0.29 a 
(n = 3) 
Precipitate 3.23 + 0.12 3.44 + 1.37 
(n = 3) 










Leukotriene 
HPLC (ng/g) 


Weight of 
lung (gm) 


Concentration 
of bioassay 









13.0 + 1.7 42.4 + 28.5 24.0 + 19.2 
15.1 + 2.9 ND ND 
13.2 + 1.5 ND ND 
14.8 + 0.8 ND ND 
14.2 + 11 20.0 + 17.0 12.4 + 10.2 


HPLC = High-performance liquid chromatography. ND = Not detected. 


formance liquid chromatography.’ Other pieces of lung 
were fixed in 4% formaldehyde for histologic exami- 
nation. . 

Bioassay. Hartley strain guinea pigs weighing from 
300 to 400 gm were put to death by a blow to the head. 
A 3 cm strip of ileum was excised about 10 cm from 
the ileocecal junction and suspended in a 10 mi organ 
bath of Tyrode’s solution at 30° C. The solution con- 
tained 1-pmol/L of atropine (Sigma Chemical Co., St. 
Louis) and | pmol/L of methapyrilene (Sigma) and was 
aerated with 95% oxygen and 5% carbon dioxide. The 
ileum strips were maintained under resting tension of 
0.5 gm and allowed to equilibrate for at least 1 hour 
during which the bathing fluids were changed several 
times.® Responses were recorded with an isotonic trans- 


ducer (TD-112S, Nihon Kohden Kogyo Co., Ltd., To- 
kyo) and displayed by a pen recorder (Recticorder 
RJG3028S, Nihon Kohden Kogyo). A selective leuko- 
triene antagonist, FPL 55712 (Fisons Pharmaceutical 
Co., Leicestershire, England), was used to reverse pos- 
itive contractions.’ The dose-response curve of syn- 
thetic leukotriene D, is shown in Fig. 1. | 
High-performance liquid chromatography. Re- 
versed-phase high-performance liquid chromatogra- 
phy (LC-3A, Shimadzu Ltd., Kyoto, Japan) was per- 
formed on a column (4.6 x 250 mm) packed with TSK 
gel ODS-120T (5 pm particle, Toyo Soda Manufactur- 
ing Co., Ltd., Tokyo). The conditions for analysis were 
as follows: the solvent system consisted of acetonitrile/ 
methyl alcohol/water/acetic acid (300:100:420:6.8, 
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Fig. 2. Dose peak height curve of leukotrienes C; (LTC,) and D, (LTD,). TSK gel ODS-120T column, 
250 X 4.6 mm inside diameter; mobile phase, acetonitrile/methyl alcohol/water/acetic acid (300: 
100:420:0.8, vol/vol); flow rate, 1.0 ml/min, ultraviolet detector at 280 nm. 


vol/vol) (pH 5.6, adjusted with ammonium hydroxide). 
Ten microliters of the sample was injected into high- 
performance liquid chromatography, and eluents were 
continuously monitored at an absorbance of 280 nm 
with an ultraviolet detector (SPD-2A, Shimadzu). Sol- 
vents were eluted at the speed of 1 ml/min at room 
temperature.’ Synthetic leukotrienes C, and D, donated 
by Takeda Chemical Industries Ltd. (Osaka, Japan) 
were used as standards. The dose peak height cuves of 
leukotrienes C, and D, are shown in Fig. 2. 


Results 


Amniotic fluid group. The animals displayed acute 
dyspnea, convulsions, urinary incontinence and shock, 
resembling characteristic features for an anaphylactoid 
reaction, All rabbits except one of this group died 
within 4 minutes after the amniotic fluid injection, with 
an average survival time for nine animals of two min- 
utes, 41 seconds. Lungs were edematous, with partic- 
ulate matter being found in the pulmonary capillaries 
and arteries (Fig. 3, A). Extracts from lungs of this 
group caused a slow- and long-lasting contraction of 
guinea pig ileum. The contraction was reversed with a 
low concentration of FPL 55712 (107° M), a selective 
slow-reacting substance antagonist, as shown in Fig. 4. 
The contractile activity of the lung extracts averaged 
42 + 8.5 ng/gm, similar to the activity caused by leu- 
kotriene D,. High-performance liquid chromatography 
of the lung extracts all indicated leukotriene D, at a 
retention time of 16.7 minutes (Fig. 5). However, a peak 


cochromatographing with synthetic leukotriene C, was 
not observed. The values of the peak corresponding to 
snythetic leukotriene D, were 2.5 to 62.3 ng/gm with a 
mean value of 24.0 ng/gm. 

AA861 group. Some animals showed the same symp- 
toms seen in the amniotic group, but no animal died. 
Lungs showed the same histologic findings as the am- 
niotic group, with edema and intravascular debris. Leu- 
kotriene-like activities on guinea pig ileum and high- 
performance liquid chromatography peak were not de- 
tected in the lung extracts. 

Saline solution group. No animals showed any symp- 
toms or died within 30 minutes. Histologically, the 
lungs were slightly edematous but intravascular debris 
was not observed (Fig. 3, B). Extract of the lungs 
showed neither biologic activity nor high-performance 
liquid chromatography peak. 

Supernatant group. Rabbits showed slight tachypnea 
after injection but none of this group died within 30 
minutes. The lungs were slightly edematous, which was 
the same finding as that of the saline solution group. 
Leukotriene-like activity was not observed in this 
group. 

Precipitate group. The same symptoms as those of 
the amniotic fluid group were observed in this group. 
All died within 4 minutes, with the same pathologic 
findings as those of the amniotic fluid group. Leuko- 
triene-like activity in the extract of the lungs was shown 
not only by bioassay but also by high-performance liq- 
uid chromatography. 
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Fig. 3. A, Lung of amniotic fluid group. Emboli in small dilated arteries. (arrows). (X 200.) B, Lung 
of saline solution group. No remarkable pathologic change. (x 200.) 
FPL55712 1076m Mash 
LTD4 10710y LTD, 10-104 Sample A 
Fig. 4. Responses of guinea pig ileum to standard LTD, and samples. The ileum was E in 
10 ml of organ bath in the presence of atropine (10 pmol/L) and methapyrlene (10 eee FPL 
55712 was added to the bath buffer after maximal concentration. 
Comment 


The main symptoms in amniotic fuid embolism are 
dyspnea, shock, and bleeding tendency. Amniotic fluid 


embolism has been regarded as different from “com- 


mon pulmonary embolism.” Though cardiovascular 
symptoms in amniotic fluid embolism are partially 
caused by mechanical vascular obstruction, additional 
factors are required to explain all the symptoms of the 
disease. Various animal studies have- suggested other 
factors such as proteolytic enzymes, histamine, sero- 
tonin, placental extract, and prostaglandins as media- 
tors involved in developing symptoms. In 1968 
MacMillan’ injected human amniotic fluid containing 
220 to 880 cells per millimeter of squamous cells into 
rabbits. The severity of the embolic symptoms was re- 


. lated to the number of cells given. However, from the 


number of cells:required to cause death in rabbit, they 
estimated the volume of amniotic fluid necessary for 
women to develop amniotic fluid embolism to be 7 L, 
which was unacceptable from a clinical point of view 


and suggested certain chemical mediator(s) involved in 


the mechanism of amniotic fluid embolism. In 1965 
Attwood and Downing?’ observed a marked alteration 
of circulatory dynamics in dogs by injection of filtered 
meconium suspensions into the left atrium. They pos- 
tulated the presence in amniotic fluid of a vasoactive 
substance such as tripsinlike proteolytic enzyme or sub- 


© stances such as histamine and serotonin. In 1970 Dutta 


et al.!° proved the effectiveness of the antihistaminic 
drug Phenergan in alleviating shock in rabbit experi- 
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ments with human amniotic fluid and proposed his- 
tamined-related anaphylactoid reaction as the possible 
mechanism in amniotic fluid embolism. In 1974 Spence 
and Mason" infused autologous, cell-free placental ex- 
tract into rabbits with results of rapid death within 2 
minutes, and autopsy proved the presence of blood clot 
in the heart and pulmonary vessels. In 1972 Kitzmiller 
and Lucas’ produced acute, transient hypotension, 
bradycardia, and elevated central venous pressure in 
cats upon injection of amniotic fluid from women in 
labor, but not from that of women before the onset of 
labor. Also similar symptoms were observed in cats by 
injection of 10 pg/kg of prostaglandin F,,, which ts 
present in the amniotic fluid only of women in labor. 
There have been no reports concerning leukotrienes 
in amniotic fluid embolism. 

In 1938 Feldberg and Kellaway’ first described a 
substance, which they named slow-reacting substance, 
that caused guinea pig ileum to contract with a slower 
and more sustained mode of action than did histamine. 
Two years later Kellaway and Trethewie reported that 
slow-reacting substance was also released from tissue 
sensitized with specific antigen. 

Slow-reacting substance was subsequently shown to 
be one of several pharmacologic mediators in human 
asthma. In 1977 Jakschik et al.“ demonstrated that 
slow-reacting substance was derived directly from ar- 
achidonic acid through the lipoxygenase pathway. 
Thereafter Murphy et al.” identified slow-reacting 
substance as a cysteine-containing derivative of 5-hy- 
droxy-7,9,11,14-icosatetraenoic acid and introduced 
the name, “leukotriene.” Slow-reacting substance has 
been shown to consist of leukotrienes C,, D,, and E,. 

It has been proved that leukotrienes are released 
from various tissues such as lungs, coronary and pul- 
monary arteries with various stimuli. Guinea pig lung 
releases leukotrienes during anaphylaxis, human lung 
by repeated freezing and thawing, perfused cat paw by 
the histamine releaser, compound 48/80 and human 
leukocyte and rat peritoneal cells by calcium ionophore 
A23187. The cell elements and stimuli that triggered 
the production of leukotrienes in our studies remain 
to be determined. Leukotrienes exert marked biologic 
effects on ileum with contraction, on trachea with con- 
striction in vitro and airway with resistance increase 
in vivo, and on skin with hyperpermeability and sys- 
temic hypotension. In in vivo experiments, 10 nmol/kg 
of leukotriene C, and 3 nmol/kg of leukctriene D, ad- 
ministered in rabbit from the left jugular vein caused 
hypotension, but 100 nmol/kg of leukotrienes C, and 
D, had negligible effects on airway resistance.'* In var- 
ious animals including rabbit a marked constriction of 
coronary arteries has been reported after intracardial 
administration of leukotrienes C,, D,, and F,. It has 
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Fig. 5. Chromatogram of LTC,, LTD,, and sample. Peak I had 
the same retention time as that of LTD.. 


been definitely shown by our study that the precipitate 
of human amniotic fluid contains certain substances 
that produce leukotriene in rabbit lung and that 
suppression of leukotriene production can overcome 
experimental amniotic fluid embolism. 

The results of our study strongly suggested that leu- 
kotrienes may play an important role as a mediator in 
amniotic fuid embolism. 
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Enhancement of colonization of Ureaplasma urealyticum in 
the mouse genital tract by estrogen treatment 


Tsuyoshi Iwasaka, M.D., Toshio Wada, D.V.M., and Hajime Sugimori, M.D. 


Saga and Fukuoka, Japan 


Experimental colonization by Ureaplasma urealyticum in the vagina of Balb/c mice was greatly enhanced 
by administration of estrogen, whereas it was not affected by treatment with progesterone. Ureaplasma 
was recovered from almost half of the estrogen-treated animals 7 days after inoculation, and the organism 
persisted in all of these animals until 21 days after inoculation; on the cther hand, the organism was 
isolated in less than 20% of the untreated, progesterone-treated, or danazol-treated mice 7 days after 
inoculation and was no longer isolated in any of these groups 21 days after inoculation. At least a 
hundredfold more organisms were recovered from the estrogen-treated mice as compared to the untreated 
mice 14 days after inoculation and thereafter. U. urealyticum was also isolated from the uterine cavity and 
salpinx in approximately half of the mice in which the organism was isolated from the vagina. (Am J 


Osster Gynecot 1986;155:1124-7.) 


Key words: Ureaplasma urealyticum, estrogen, mouse, genital tract 


Ureaplasma urealyticum has been isolated from the 
genital tract in women of all ages (newborn to post- 
menopausal).' Most of the previous reports have sug- 
gested that sexual activity is the most important factor 
for acquisition of U. urealyticum in the female genital 
tract.2* On the other hand, some investigators have 
suggested the possible role of hormonal condition on 
colonization rates of this organism.** Our clinical stud- 
ies have also suggested that the serum estrogen or pro- 
gesterone level is an important factor for the prolif- 
eration and the persistence of this organism in the fe- 
male genital tract.’ This idea is based on the observation 
that prepubertal girls, puerperal women, and post- 
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menopausal women have a low colonization rate of this 
organism, whereas pregnant women showed the high- 
est incidence of U. urealyticum colonizations. 

The present study was undertaken to confirm the 
significance of estrogen, progesterone, or both on col- 
onization and persistence of U. urealyticum in the genital 
tract with use of the mouse model, in which natural U. 
urealyticum colonizations are not prevalent. 


Material and methods 


Mice. Balb/c female mice, 6 weeks old and bred in 
the specific pathogen-free unit, were used. Each ani- 
mal was checked for mycoplasmas in the genital tract 
by culture procedures before use in any of the exper- 
iments. 

Hormonal treatment. One hundred female mice 
were divided into five groups. In group I, estradiol 
(Progynon-Depot: Schering, Berlin, West Germany) 
was injected subcutaneously (0.5 mg in 0.05 ml). In 
group 2, hydroxyprogesterone (Proge-Depot: Mochi- 
dia Pharmaceutical Co., Tokyo, Japan) was injected 


Volume 155 
Number 5 


subcutaneously (6.25 mg in 0.05 ml). In group 3, ani- 
mals were treated with both of the above two hormones. 
In group 4, danazol (Tokyo Tanabe Co., Tokyo, Japan) 
was emulsified in castor oil continaing 10% ethanol and 
injected subcutaneously (30 mg in 0.1 ml). In group 5, 
phosphate-buffered saline solution was injected sub- 
cutaneously as a control. 

Each group was given four injections: 1 week before 
inoculation of U. urealyticum, at the time of inoculation 
of U. urealyticum, and at two weekly intervals thereafter. 

U. urealyticum inoculum. The Black 8 strain of 
U. urealyticum was obtained from Dr. Koshimizu (Tokyo 
University Faculty of Medicine, Tokyo, Japan) and was 
subcultured subsequently five times before inocula- 
tion. The organisms were grown at 37° C in the me- 
dium described by Taylor-Robinson et al.'' When the 
color of the incubated medium changed from yellow 
to red, it was divided into several tubes and frozen at 
— 80° C until further use. The number of organisms 
in the culture fluid was determined by making serial 
tenfcld dilutions in the medium: the highest dilution 
at which the color of the medium changed from yellow 
to red was considered to contain one color-changing 
unit ‘ccu.). The inocula contained 10’ ccu/ml. 

intravaginal inoculation. Approximately 10 pl (10° 
ccu.) of U. urealyticum was introduced into the vagina 
of each mouse by use of a Gilson pipette. 

Collection and titration of vaginal specimens. A 
plain cotton-wool nasopharyngeal swab (Eiken Co., To- 
kyo, Japan) was inserted into the vagina and then put 
into 1.0 ml of U. urealyticum liquid medium. This was 
designated a 10° dilution and was diluted further in 
tenfold steps to 107” in order to assess the number of 
U. urealyticum present in the specimen. In addition, as 
the color of the incubated medium changed from yel- 
low to red, the fluid was subcultured on a solid medium 
plate, which was further incubated in a mixture of 5% 
carbon dioxide and 95% nitrogen at 37° C for 2 days 
and inspected microscopically to assess colony forma- 
tion of U. urealyticum. l 

Isolation of U. urealyticum from the upper genital 
tract. Three weeks after inoculation, specimens were 
collected from the vagina and the animals were put to 
death. Bilateral salpinx and upper uterine bodies were 
separately removed and put into 1.0 ml of U. urealyticum 
liquid medium. Titration and identification of U. ureal- 
yticum was done as described above. 


Results 


Isolation of U. urealyticum. U. urealyticum was not 
isolated from any of the mice before inoculation. At 7 
days after inoculation, of the 20 mice tested in each 
group, U. urealyticum was colonized in only four (un- 
treated), three (progesterone-treated), and two (dana- 
zal-treated) mice, whereas at 21 days after inoculation, 
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no U. urealyticum was recovered in any of these exper- 
imental groups. In contrast, at 7 days after inoculation, 
U. urealyticum was colonized in 11 of 20 estrogen-treated 
and nine of 20 estrogen/progesterone-treated mice, 
and organisms were still present in all of these mice 21 
days after inoculation. 

Isolation rates of U. urealyticum in estrogen-treated 
and estrogen/progesterone-treated groups were higher 
than those of the untreated group at 7 to 21 days after 
inoculation. These differences in isolation rates were 
statistically significant (p < 0.05 to 0.001) (Table I). 
Furthermore, the number of organisms, when ex- 
pressed as geometric mean titers, recovered from the 
estrogen-treated and estrogen/progesterone treated 
groups were also significantly greater than that from 
the untreated group at 14 and 21 days after inoculation 
(p < 0.01) (Table 1). 

On the other hand, there were lower isolation rates 
and mean titers in the danazol-treated group as com- 
pared to those in the untreated group, but the differ- 
ence was not statistically significant, and there was no 
significant difference between untreated and proges- 
terone-treated animals. 

Colonization of U. urealyticum in upper genital tract. 
As shown in Table II, U. urealytzcum was not isolated 
from the uterine body or the salpinx in any of the 
untreated mice, whereas organisms were isolated from 
six uterine bodies and four salpinxes of 20 estrogen- 
treated mice. Of the four cases positive for U. urealy- 
ticum in the salpinx, all were also positive for the or- 
ganism in the uterine body and vagina. Furthermore, 
all of the six animals positive for U. urealytecum in the 
uterine body were also positive for the organism in the 
vagina. Isolation rate and the number of organisms 
recovered from the vagina in the estrogen-treated 
group were significantly greater than those from the 
salpinx (p < 0.05). 


Comment 


We previously proposed that the serum level of es- 
trogen, progesterone, or both is an important factor 


for the occurrence of U. urealyticum in the vagina.’ This 


was based on the observation that there was a low in- 
cidence of U. urealyticum in three experimental groups 
(prepubertal girls, puerperal women, and postmeno- 
pausal women) who have low serum concentrations of 
both estrogen and progesterone. In contrast, the or- 
ganism was frequently isolated from newborn girls dur- 


_ ing the first week of life, from sexually mature women, 


and more frequently from pregnant women whose se- 
rum presumably contained high concentrations of both 
hormones. 

The results of the present study showed that treat- 
ment of mice with estrogen not only increased their 
susceptibility to vaginal colonization by U. urealyticum 
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Table I. The effects of estrogen. progesterone, and danazol treatment on colonization by U. urealsticum in the 


mouse vagina 


7 days after inoculation 


U. urealyticum— 
positive mice 






Geometric mean 


14 days after mocalation 


U. urealyticum— 


positive mice Ceometric mean titer 


titer of isolated of isolated 
No treatment 4/20 (1.5 + 3.7) x 108 3/20 15 (2.0 + 3.1) x 10% 
Progesterone 3/20 ic (1.0 + 3.1) x 10° 2/19 11 (1.1 + 3.2) x 10° 
Estrogen 11/20 55* (2.7 + 4.3) x 10° 11/20 55* (5.6 + 4.9) x 10° 
Progesterone and 9/20 45 (3.6 + 4.9) x 10° 9/19 47* (=.7 + 5.1) x 10°¢ 
estrogen 
Danazol 2/20 10 (1.0 + 3.1) x 10° 1/20 5 5.0 + 22 
*y? test showed a significant difference compared to the no-treatment group (p < 0.05). 
‘fx? test showed a highly significant difference compared to the no-treatment group (p < 0.001). 
tt Test showed a significant difference compared to the no-treatment group (p < 0.01). 
§t Test showed a highly significant difference compared to the no-treatment group (p < 0.001). 
Table II. ‘The effect of estrogen on colonization by U. urealyticum in the upper genital tract 21 days 
after inoculation | 






U. 
urealyticum— 
positive mice 














Geometric mean 


U. 
urealyticum— 
positive mice 

















U. 
urealyticum— 
positive mice 








Geometric mean wreometric mean 





titer of isolated titer of isolated titer of isolated 
No treatment 0/20 0 -0/20 0/20 
Estrogen 11/20 55 (2.7 + 4.3) x 10° 6/20 (1.5 + 3.6) x 10° 4/20 208 (60 + 22) x 10°% 





tx? test showed a significant difference compared to the isolation rate from the vagina (p < 0.05). 
tt Test showed a significant difference compared to the mean titer from the vagina (p < 0.02). 


but also prolonged persistence of the organism in the 
genital tract. Mice treated with estrogen or both estro- 
gen and progesterone yielded significantly larger num- 
bers of U. urealyticum in culture as compared to un- 
treated mice, and U. urealyticum had a tendency to 
spread to the upper genital tract once the colonization 
had been established in the vagina. All these results 


obtained from animal models are consistent with our: 


hypothesis based on clinical observations. 

In contrast to a recent report by Furr and Taylor- 
Robinson,” our studies showed that susceptibility to U. 
urealyticum was not enhanced by progesterone treat- 
ment alone. In addition, enhancement of susceptibility 
to U. urealyticum was about the same between estrogen- 
treated and estrogen/progesterone-treated animals, 
which suggests that progesterone has no effect on col- 
onization of this organism. The different results of Furr 
and Taylor-Robinson may be due to the use of different 
mycoplasma and mouse strains. 

Although the mechanism by which estrogen exerts 
its effect in U. urealyticum colonization is not clear, it 


might be similar to that seen in Déder-ein bacillus col- 
onizations, since both of these organisns have several 
similar properties. For example, both organisms are 
first colonized in neonates after birth. frequently de- 
tected in the vagina of mature women, and also fre- 
quently isolated from the lower bowel. Moreover, both 
organisms are microaerophilic or anaerobic and have 
low pathogenicity. However, in some respects (for ex- 
ample, pH changes), these organisms behave differ- 
ently. Döderlein bacillus produces lactiz acid from car- 
bohydrates and turns the pH in the -vagina to acid, 
whereas U. urealyticum catabolizes urez to ammonium 
and turns the pH to alkaline. Thus thes2 two organisms 
may work cooperatively with each other as components 
of the normal flora to maintain proper pH in the vagina 
under conditions in which serum estrogen levels are 
normal. — 
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The cardiorespiratory effects of perfluorochemicals on acute 
carbon monoxide poisoning in the pregnant ewe 


Vicki V. Baker, M.D.,* Charles C. Egley, M.D., Robert C. Cefalo, M.D., Ph.D., and 


Herbert Proctor, M.D. 
Chapel Hill, North Carolina 


Studies in nonpregnant animal models of carbon monoxide poisoning have demonstrated the protective 
effect of perfluorochemicals. Anesthetized pregnant ewes were exposed to carbon monoxide. After 
symptoms of toxicity were demonstrated, group 1 animals were respired with room air. Group 2 animals 
respired room air and were given intravenous perfluorochemicals. Group 3 animals were administered 
100% oxygen. Group 4 animals were given intravenous perfluorochemicals and respired 100% oxygen. in 
all ewes exposure to carbon monoxide resulted in increased cardiac output, heart rate, and 
carboxyhemoglobin level without a significant change in arterial oxygen tension. After carbon monoxide 
exposure, there was no significant difference in the carboxyhemoglobin to oxyhemoglobin conversion 
between groups 1 and 2 although the conversion rates were more rapid in groups 3 and 4. Fetal 
oxygenation was improved in groups 3 and 4. All fetal lambs exhibited a progressive increase in 
carboxyhemoglobin and a decrease in venous pH regardless of the maternal postexposure treatment. 
There was no significant increase in the fetal venous oxygen content of group 4 as compared with that of 
group 3, suggesting that the adjunctive administration of limited quantit es of perfluorochemicals to the 
mother offers no apparent advantage over 100% oxygen alone for acute fetal resuscitation. (AM J OBSTET 


GYNECOL 1986;155:1 128-34.) 


Key words: Perfluorochemicals, acute carbon monoxide toxicity in pregnancy 


The acute effects of carbon monoxide toxicity are a 
result of tissue hypoxia. Impaired tissue oxygenation 
occurs secondary to the high-affinity binding of carbon 
. monoxide to hemoglobin, which not only shifts the oxy- 
hemoglobin dissociation curve to the left but also de- 
creases the oxygen-carrying capacity of whole blood.’ 
Theoretically the risks of carbon monoxide toxicity may 
be increased in pregnancy because oxygen consump- 
tion is physiologically increased 15% to 25% and the 
blood oxygen capacity is typically decreased 20% to 
30%." The fetus is particularly vulnerable because a 
greater left shift of the maternal oxyhemoglobin curve 
would further reduce fetal oxygen tensions that are 
normally close to critical levels for tissue hypoxia in 
order to release the same amount of oxygen. In ad- 
dition, in the fetus, unlike in the adult, cardiac output 
cannot significantly increase so as to partially offset tis- 
sue hypoxia by improving tissue perfusion.” ê 

To effect removal of carbon monoxide and reversal 
of tissue hypoxia requires an increase in the blood oxy- 


From the Department of Obstetrics and Gynecology and the Depart- 
ment of Surgery, University of North Carolina School of Medicine. 

Received for publication June 17, 1986; accepted July 22, 1986. 

Reprint requests: Robert C. Cefalo, M.D., Ph.D., Division of Ma- 
ternal and Fetal Medicine, Department of Obstetrics and Gyne- 
cology, UNC School of Medicine, Chape! Hill, NC 27514. 

*1984-1985 Mead Johnson American College of Obstetricians and 
Gynecologists Fellowship recijrent. 


1128 


gen content. Increasing the inspired oxygen concen- 
tration is of established efficacy.® Perfluorochemicals, 
initially introduced as erythrocyte substitutes, transport 
oxygen by direct solubility in proportion to the blood 
oxygen tension.’ Because of the ability to improve oxy- 
gen delivery by transporting dissolved oxygen and 
maintaining perfusion, the administration of perfluo- 
rochemicals may be a reasonable way to attempt to re- 
verse the effects of acute carbon monoxide toxicity. 
Fluosol-DA (20%) is the trade name of a milky white 
synthetic perfluorochemical emulsion consisting of 
electrolytes, hydroxyethyl starch, perfluorodecalin, and 
perfluorotripropylamine (Table I). Studies in various 
animal models of hypoxia secondary to carbon mon- 
oxide have demonstrated the protective effect of per- 
fluorochemicals when given as an exchange transfu- 
sion. One hundred percent exchange transfusion with 
perfluorochemical emulsions in rats affords a very high 
tolerance to normally lethal concentrations of carbon 
monoxide.’ Rats given doses of Fluosol-DA (20%) rang- 
ing from 20 to 80 ml/kg also demonstrate improved 
survival as compared with that in animals given normal 
saline solution.’ Dogs acutely exposed to toxic levels of 
carbon monoxide and undergoing exchange transfu- 
sion with Fluosol-DA (20%) demonstrate an accelerated 
rate of removal of carbon monoxide, more rapid re- 
covery of the arteriovenous oxygen difference, and 1m- 
proved survival when compared with dogs that un- 
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dergo exchange transfusion with an equivalent amount 
of homologous whole blood or 6% hydroxyethyl starch 
solution.” Deletion of the hydroxyethyl starch com- 
ponent of Fluosol-DA (20%) avoids complications sec- 
ondary to fluid overload but does not alter the protec- 
tive effect against acute carbon monoxide toxicity." 

Although the maternal and fetal effects of Fluosol- 
DA (20%) exchange transfusion have been evaluated 
in an animal model," there are no data concerning 
its effects in cases of acute carbon monoxide exposure 
during pregnancy. This study was designed to evaluate 
the cardiopulmonary and respiratory effects of limited 
perfluorochemical infusion in the pregnant ewe acutely 
exposed to toxic levels of carbon monoxide. 


Material and methods 


With the use of a protocol reviewed and approved 
by the institutional animal welfare committee, mixed- 
breed ewes between 135 and 142 days’ gestation re- 
ceived ketamine hydrochloride (2 mg/kg intramuscu- 
larly) premedication and then were anesthetized by 
continuous ketamine hydrochloride infusion at 5 to 10 
mg/min after percutaneous cannulation of the external 
jugular vein. 

After tracheostomy and intubation, respiration of the 
ewe was assisted at a rate of 30 breaths per minute and 
a tidal volume of 650 ml per breath. The maternal 
pulmonary artery was catheterized with a Swan-Ganz 
flow-directed thermal dilution catheter (Model 93A- 
131-7F). The catheter was floated into the pulmonary 
artery with the aid of the characteristic pressure 
waveform to track its location. Systemic and pulmo- 
nary arterial pressures were measured with pressure 
transducers (Hewlett-Packard Model 1280) and re- 
corded on a multichannel recorder (Hewlett-Packard 
Model 7788 A). : 

Via laparotomy and hysterotomy incisions, the fetal 
head was exteriorized with the amnion intact. Samples 
of fetal blood (1.0 ml) were obtained from an indwelling 
catheter placed in the external jugular vein for a dis- 
tance of 8 cm. 

After a stabilization period, each ewe was exposed to 
a carbon monoxide—room air gas mixture for a period 
of 15 minutes or until maternal femoral artery blood 
pressure began to decrezse. After exposure to carbon 
monexide, the animals were placed in one of four 
groups on the basis of subsequent treatment. In group 
I (n = 3), the animals respired room air. In group 2 
(n = 3), the animals received intravenous Fluosol-DA 
(20%) (10 ml/kg) and respired room air. In group 3 
(n = 4), the animals respired 100% oxygen. In group 
4(n = 3), the animals received intravenous Fluosol-DA 
(20%) (10 ml/kg) in addition to respiration with 100% 
oxygen. Fluosol-DA (20%) was administered during a 
20- to 30-minute period cf time. Normal saline solution 
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Table I. Fluosol-DA (20%) emulsion 
composition after reconstitution 


Quantity 
Ingredient (gmidl) 
Perfluorodecalin 14.0 
Perfluorotripropylamine 6.0 
Pluronic F-68 2.7 
Glycerol 0.8 
Sodium chloride 0.6 
Egg yolk phospholipids 0.4 
Sodium bicarbonate 0.21 
Glucose 0.18 
Oleic acid 0.04 
Potassium chloride 0.03 
Calcium chloride 0.02 
Magnesium chloride 0.02 


. Fluosol-DA (20%) was supplied by Alpha Therapeutic Cor- 


poration, Los Angeles, California, as manufactured by Green 
Cross Corporation, Osaka, Japan. 


was administered at an average rate of 250 ml/hr but 
adjusted as necessary so that the amount of total fluids 
given to each animal during the course of an experi- 
ment was equivalent. At the conclusion of each exper- 
iment, the ewe was put to death by exposure to 100% 
carbon monoxide. 

Data collected included continuous maternal femoral 
and pulmonary artery pressures, intermittent maternal 
cardiac output in duplicate by the thermal dilution tech- 
nique (Edwards Laboratory cardiac output computer, 
Model 9520 A), and maternal arterial and mixed ve- 
nous and fetal venous blood gases and pH. 

All maternal and fetal blood samples were obtained 
anaerobically in heparinized syringes. The oxygen and 
carbon dioxide tensions and pH were measured with 
an Instrument Laboratory No. 113 gas analyzer at 
38° C. The percentages of carboxyhemoglobin, oxy- 
hemoglobin, total hemoglobin, arid blood oxygen con- 
tent were determined with the use of a GO-oximeter, 
Model 182, Instrumentation Laboratory. The error of 
measurement for each individual data point included 
pH, +0.02 unit; PO, 5%; Pco,, + 10%; hemoglobin, 
+1.0%; cardiac output, +10%; carboxyheimoglobin, 
+ 1%; oxyhemoglobin, + 2%; and whole blood oxygen 
content, +4%. Serial duplicate maternal hematocrit 
and fluorocrit (the volume percent of the white bot- 
tom layer of perfluorochemicals centrifuged from the 
blood) were determined in capillary tubes that were 
centrifuged for 10 minutes at 10,000 rpm. 


Results 


Tables ITA through VB list the relevant cardiore- 
spiratory data. Insufficient sample volumes occasionally 
precluded the measurements of all indices listed. The 
average weight of the animals was 50 kg. With serial 
sampling during the course of an experiment, the mean 
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Table ITA. Cardiorespiratory effects of acute carbon monoxide exposure followed by room air in group 1 
ewes (n = 3) 






















Cardiac Carboxy- 
output . hemoglobin 
(L/min) Arterial pH (%) 














Baseline 3.79 +1.20 1038 


+ 1.8 7.53 + 0.05 5.8 + 1.0 9.7 + 3.3 
Peak . 7.15 & 1.69 10.5 + 1.4 7.60 + 0.02 102 + 24 IGS 76.6 + 40.5 0.5 + 0.7 
Peak + 10 mm 5.83 + 2.87 U2 2-13 7.56 + 0.01 99 13- 2041 45.6 + 17.5 50-25 
Peak + 15 min 2.67 + 0.60 10.4 + 0.7 7.53 + 0.13 108 + 7 93 48.2 + 22.3 10:2 5:5 
Peak + 20 miin 4.16 + 0.90 9.6 + 1.1 7.55 + 0.10 87 + 15 26 + 6 be l + 13.6 8.2 + 1.4 
Peak + 30 min 5.41 + 0.38 9.8 + 1.0 7.56 + 0.03 92 + 18 23 m3 4.8 + 10.5 7.7 + 4.1 
Peak + 45 min 3.00 + 1.51 9.4 + 0.9 7.54 + 0.10 91 + 10 24 + 10 es oa 99 / 


Data expressed as mean + SEM. Cao, = Arterial oxygen content. 


Table IIB. Cardiorespiratory effects of acute carbon monoxide exposure followed by room air in group 1 
fetuses (n = 3) 














Carboxy- 












Hemoglobin hemoglobin 

` (gmidi) Venous pH (%) 
Baseline 13.6 + 0.8 7.14 + 0.02 16+ 6 35 + 8 2.8 + 0.9 5.9 1.8 
Peak 13.1 + 9.7 7.13 + 0.18 14+ 6 46 +6 40+ 0.5 3.7 + 1.2 
Peak + 10 min 13.1 + 9.1 7.17 + 0.11 15 + 2 44 + 1l 4.6 + 1.0 
Peak + 15 min 12.9 + 1.0 7.12 + 0.18 15+ 1 47 +] 4.7 + 1.7 4.1+ 0.2 
Peak + 20 min 12.5 + 0.1 7.17 + 0.13 6.3 + 0.8 5.3 + 2.8 
Peak + 30 min 12.5 + 0.2 7.12 + 0.09 13 + 40 + ] 6.5 + 0.) 5.7 + 3.5 
Peak + 45 min 12.5 + 0.6 7.01 + 0.18 13 a 47 +8 6.1 + 0.2 


Data expressed as mean + SEM. Cvo, = Venous oxygen content. 


Table IIIA. Cardiorespiratory effects of acute carbon monoxide exposure followed by room air and 
Fluosol-DA (20%), 10 mg/kg, in group 2 ewes (n = 3) 












Cardiac 


- output 
(Limin) 







Carboxy- 
hemoglobin 


(%) 







Hemoglobin 


Baseline 4.44 + 1.06 11,3 


+19 7.504002 76422 27246 6141.7 b+ 
Peak 5.74 + 0.50 11.1 + 2.2 7.52 + 0.06 110 + 14 24 £ 9 69.7 + 17.3 4.9 + 3.1 
Peak + 10 min 5.944231 I11413 7484020. 100434 2245 593+168 64+ 3.6 
Peak + 20 min 7.65 + 0.07 9.7 + 0.9 7.40 + 0.06. $123 36 + 4 44.3 + 10.0 — 
Peak + 25 min 4.93 + 2.09 8.7 + 2.0 7.43 + 0.20 89 + 33 31 + 1] 42.4 + 15.6 8.0 + 3.7 
Peak + 30min = 55.73 0.13 8.7403 7394007 53+3.. 3642 3194102 59422 
Peak + 35 min 5.834 0,141 9.0 + 0.4 7.47 + 0.09 . 619 35 £1 30.5 + 9.4 
Peak + 40 min 4.57+1.00 10.7415 7.514001 90436 26+9 3324125 74+18 
Peak + 50 min 5.27 + 0.44 10.9 + 1.9 7.49 + 0.02 84 + 3] 23 + 10 32.6 + 12.2 6.5 + 1.7 
Data expressed as mèan + SEM. Cao, = arterial oxygen content. 
decrease in maternal hemoglobin was 1.4 gm/dl (range monary artery pressure did not change significantly 
0.1 to 2:8 gm/dl) and the mean decrease in fetal he- from the baseline pressure of 18 + 4 mm Hg. An in- 
moglobin was 1.3 gm/dl (range 0.3 to 2.0 gm/dl). The crease in the percentage of carboxyhemoglobin was ac- 
fluorocrit did not exceed 3% in any animal that received companied by a decrease in the percentage of oxyhe- 
Fluosol-DA (20%). moglobin while the partial pressure of the maternal 
Before exposure to carbon monoxide the mean ma- arterial oxygen tension remained constant or increased 
ternal carboxyhemoglobin percentage was 5.7 + 1.0 slightly. 
and the mean fetal carboxyhemoglobin percentage was Trénds in the changes of certain cardiorespiratory 
3.4 + 1.0. In all groups exposure to carbon monoxide parameters after carbon monoxide exposure were ob- 
resulted in a prompt increase in maternal cardiac out- served among the different treatment groups. There 
put and a decrease in femoral artery pressure. Maternal was little difference in the conversion rate of maternal 


heart rate increased an average of 25 bpm. The pul- carboxyhemoglobin to oxyhemogiobin between the 
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Table IIIB, Cardiorespiratory effects of acute carbon monoxide exposure followed by room air and 
Fluosol-DA (20%), 10 mg/kg, in group 2 fetuses (n = 3) 













Carboxy- 
hemoglobin 






Hemoglobin 


Baseline 12.9 + 0.2 7.22 + 0.07 17 + 3 34 + 13 Sæ kl 6.2 + 1.0 
Peak 12.1 + 0.2 7.16 + 0.02 33 + 11I 59+ 0.3 - 3.4 + 1.9 
Peak + 10 min 11.8 + 0.1 7.06 + 0.07 19 + 3 41 +17 6.5 + 1.6 2.1 + 0.8 
Peak + 20 min ao — mem — — — 
Peak + 25 min 11.9 + 0.4 7.03 + 0.12 1625 40 +7 10.4 + 2.5 4.8 + 1.7 
Peak + 30 min 11.8 + 0.] 6.96 + 0.08 20 + 4 50 + 18 8.3 + 1.0 29+ 0.) 
Peak + 35 min 11.9 + 0.3 6.92 + 0.11 212-5 5] + 21] 93+ 2.3 3.6 + 1.2 
Peak + 40 min 11.5 + 0.1 7.02 + 0.02 l4 t4 32 + 10 14.6 + 2.2 3.4 + 0.04 


Peak + 50 min 


Data expressed as mean + SEM. Cvo, = Venous oxygen content. 


Table IVA. Cardiorespiratory effects of acute carbon monoxide exposure followed by 100% oxygen in 
group 3 ewes (n = 4) 










Cardiac 


output 
(Linin) 








Hemoglobin 
(gm/dl) 









Arterial pH 


Baseline 4.16 + 1.36 9.6 + 0.4 7.46 + 0.12 83 + 32 26 +9 5.4 + 0.9 9.9 + 0.7 
Peak 7.18 + 0.67 9.9 + 1.0 7.40 + 0.09 ll4 + 21 25 +6 84.3 + 14 2.34 1.8 
Peak + 5 min 5.13 + 0.17 9.7 + 0.6 7.43 + 0.20 215 + 60 23 4 1 53.4 + 0.4 - 
Peak + 10 min 3.92 + 0.95 9.6 + 0.3 7.25 + 0.30 230 + 20 22 + ] 57.8 + 16.7 6.3 + 2.5 
Peak + 20 min 4.87 + 2.28 8.9 + 0.8 7.28 + 0.13 211 + 86 18+ 6 34.8 + 9,7 Wil & 2 
Peak + 30 min 3.29 + 0.90 7.8 + 0.6 7.44 + 0.14 238 + 13 2224 20.7 + 3.4 9.6 + 4.0 
Peak + 35 min 3.89 + 0.87 7.9 + 0.5 7.22 + 0.06 193 + 88 ee | 26.0 + 1.3 

Peak + 45 min 3.90 + 0.50 7.7 + 0.4 7.46 + 0.18 215 + 10 38346 15.7 + 3.0 8.2 + 0.9 
Peak + 60 min 3.42 + 1.05 76+ 09 7.38 + 0.23 222 + 38 28 + 7 8.6 + 0.5 


15.7 + 5.2 


Data expressed as mean + SEM. Cao, = Arterial oxygen content. 


Table IVB. Cardiorespiratory effects of acute carbon monoxide exposure followed by 100% oxygen in 
group 3 fetuses (n = 4) 





Baseline 12.3 Æ 1.3 7.24 + 0.07 17-5 36 + | 3,7 £15 3.4 + 0.9 
Peak EA e 7.11 + 0.05 122 4] + 15 4.5 13 2.3 + 1.8 
Peak + 5 min 6.93 + 0.30 18 + 3 33 +3 
Peak + 10 min 6.94 + 0.04 17 +6 47 +6 2.4 + 0.5 
Peak + 20 min TL5 2 7.6 6.97 + 0.10 ig +4 43 +2 $9 = 1.8 3.0 + 0.7 
Peak + 30 min 7.04 + 0.07 2423 4125 4.1 + 2.2 
Peak + 35 min 6.94 + 0.09 2425 46+ 4 
Peak + 45 min 11.8 + 1.5 7.06 + 0.07 12.3 & 1:9 6.7 + 2.1 
Peak + 60 min 12.5 + 0.4 7.00 + 0.12 30 + 3 45 + 8 130E: 92 7.8 + 3.0 
Data expressed as mean + SEM. 
Cvo, = Venous oxygen content. 
group of animals that inspired room air (group 1) ver- ment intervention but also by the level of carboxyhe- 
sus the group that inspired room air and received Fluo- moglobin at the time of intervention. Within each 
sol-DA (20%) (group 2). Ventilation with 100% oxygen group a more rapid initial conversion from carboxy- 
resulted in the rapid conversion of carboxyhemoglobin hemoglobin to oxyhemoglobin occurred with higher 
to oxyhemoglobin and this conversion was further ac- peak carboxyhemoglobin levels. As the percentage of 
celerated when Fluosol-DA (20%) was administered carboxyhemoglobin decreased, the rate of conversion 
concomitantly. The conversion of carboxyhemoglobin to oxyhemoglobin also decreased. The fetal lambs ex- 


to oxyhemoglobin was influenced not only by the treat- hibited a slow but progressive increase in the percent- 
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Table VA. Cardiorespiratory effects of acute carbon monoxide exposure followed by 100% oxygen and 
Fluosol-DA (20%), 10 mg/kg, in group 4 ewes (n = 3) 





















Cardiac Carboxy- 
output hemoglobin 
(L/min) Arterial pH (%) 


Baeline 5.04 + 1.92 10.8 + 1.1 7.47 + 0.03 68 + 4 34 + 3 5.4 + 0.4 12.5° 1,0 
Peak 9,54 + 0.2] 10.5 + 0.4 7.45 + 0.05 178 + 51 19+ 2 80.3 + 3.7 A (as ia D 
Peak + 10 min 6.65 + 1.41 10.3 + 0.4 7.39 + 0.11 218 + 18 22 E9 48.0 + 8.6 7.3 + 0.6 
Peak + 20 min 5.95 + 0.55 10.1 + 0.6 7.37 + 0.06 208 + 14 27 + 4 21.1 = 2.2 10.9 + 2.2 
Peak + 25 min 4.46 + 0.78 10.1 + 0.4 7.31 + 0.02 213 + 12 28 + 2 18.8 + 2.5 11.3 + 0.9 
Peak + 35 min 3.67 + 0.98 10.0 + 0.8 7.31 + 0.01 255 + 20 23 + 4 14.6 + 0.6 12.0 + 0.9 





Data expressed as mean + SEM. Cao, = Arterial oxygen content. 


Table VB. Cardiorespiratory effects of acute carbon monoxide exposure followed by 100% oxygen and 
Fluosol-DA (20%), 10 mg/kg, in group 4 fetuses (n = 3) 














Carboxy- 
hemoglobin 
(%) 






Hemoglobin 
(gm/dl) 





Baseline 14.0 + 1.2 7.20 + 0.07 - 15 + 3 49 +9 3.2 + 1.0 4.] + 0.7 
Peak 13.7 + 1.5 7.00 + 0.19 16+ 3 47 +9 4,2 + 0.7 1.6 + 0.1 
Peak + 10 min 13.6 + 1.5 6.93 + 0.12 4x4 60 + 13 6.3 + 1.2 2.0 + 0.5 
Peak + 20 min 13.3 + 1.6 6.99 + 0.16 2345 54 + 7 8.0 + 0.8 4.0 + 0.9 
Peak + 25 min 13.6 + 0.9 7.00 + 0.11 27 +3 42 +3 10.4 + 0.2 8.4 + 3.2 
Peak + 35 min 13.7 + 0.3 7.01 + 0.09 30 + 6 51 +9 7.3 + 2.9 8.0 + 2.3 


Data expressed as mean + SEM. 
Cvo, = Venous oxygen content. 


age of carboxyhemoglobin that was unaltered by the 
method of maternal postexposure treatment. 

As the percentage of maternal carboxyhemoglobin 
increased, the fetal venous oxygen partial pressure de- 
creased, This is not apparent from the averaged values 
presented in Tables IIA to VB because of the inter- 
animal variation. However, when the response of each 
individual animal was studied, the fetal venous oxygen 
partial pressure exhibited inverse changes with respect 
to the level of maternal carboxyhemoglobin. After the 
cessation of maternal exposure to carbon monoxide, 
the greatest increase in fetal venous oxygen values oc- 
curred in groups 3 and 4 but the difference between 
the two was not significant. 

During and after exposure to carbon monoxide, the 
maternal arterial oxygen partial pressure did not sig- 
nificantly change in groups 1 and 2. With inspiration 
of 100% oxygen with or without Fluosol-DA (20%) ad- 
ministration, the animals in groups 3 and 4 demon- 
strated obvious increases in maternal oxygen partial 
pressures but there was no significant difference be- 
tween these two groups. Although fetal oxygenation 
was maintained or improved in all pregnant ewes after 
exposure to carbon monoxide, a progressive decrease 
in fetal venous pH was observed regardless of the post- 
exposure intervention used. 

Most ewes demonstrated a respiratory alkalosis at the 
start of the experiment before carbon monoxide ex- 
posure. Elevated levels of carboxvhemoglobin fre- 


quently exacerbated the baseline hypocarbia and this 
response did not appear to be influenced by the type 
of postexposure treatment. The fetal lambs also exhib- 
ited a decreased PCO, at the start of the experiment but 
not to the extent noted in the ewes. Maternal carbon 
monoxide toxicity resulted in a moderate elevation of 
fetal Pco, values independent of postexposure treat- 
ment. Differences among groups were not discernible 
in part because of variation among the animals within 
each group. 

During the period of carbon monoxide exposure, the 
oxygen content of maternal arterial and fetal venous 
blood decreased. During the recovery period, the oxy- 
gen content of both maternal and fetal blood increased. 
Because of marked interanimal variation, a difference 
among the treatment groups could not be demon- 
strated in terms of the rate of recovery. Similarly, a 
difference among the groups in the rate of change in 
the maternal arteriovenous oxygen gradients could not 
be demonstrated. On the basis of previous experiments, 
Fluosol-DA (20%) does not cross the placental mem- 
brane during the time period studied.” 


Comment 


An increase in the percentage of carboxyhemoglobin 
dees not significantly decrease the partial pressure of 
oxygen. However, an increase in carboxyhemoglobin 
decreases the amount of oxygen available for cellular 
metabolism as the percentage of oxvhemoglobin con- 
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comitantly decreases, reflected as a decrease in the 
blood oxygen content and the arteriovenous oxygen 
difference. During acute carbon monoxide exposure, 
the percentage of fetal lamb carboxyhemoglobin in- 
creases but at a much slower rate as compared with that 
in the ewe. Fetal compromise is not a consequence of 
elevated fetal carboxyhemoglobin but of hypoxemia re- 
sulting from the decreased maternal arterial blood oxy- 
gen content and the reduced placental perfusion re- 
sulting from maternal hypotension. 

Effective therapeutic interventions for acute carbon 
monoxide toxicity in pregnancy are aimed at the rapid 
conversion of maternal carboxyhemoglobin to oxyhe- 
moglobin and an increase in the placental oxygen con- 
centration. The administration of 100% oxygen will 
accomplish both of these objectives. The adjunctive ad- 
ministration of perfluorochemicals offers an advantage 
of further increasing the blood oxygen content by di- 
rect solubility in proportion to the amount of perfluo- 
rochemical administered and oxygen concentration in- 
spired. Near-total exchange transfusions with perfluo- 
rochemicals are of established benefit in nonpregnant 
animal models of acute carbon monoxide toxicity, and 
presumably this would also be true in gravid animal 
models. However, the clinical application of near-total 
perfluorochemical exchange transfusion in pregnancy 
complicated by acute carbon monoxide toxicity may be 
potentially limited by the absence of necessary instru- 
mentation as well as concern for maternal and fetal 
complications resulting from acute hemodynamic 
changes and possible short- and long-term toxicity sec- 
ondary to perfluorochemical exposure. This investi- 
gation evaluated the effects of limited perhuorochem- 
ical administration in a more potentially clinically ap- 
plicable protocol. 

The biophysical changes and pathophysiologic re- 
sponses to low-level acute carbon monoxide exposure 
have been studied in several animal models, including 
the pregnant ewe.’*”* Consistent with those reports, this 
study demonstrated a marked increase in maternal car- 
diac output and heart rate without any significant 
change in the pulmonary artery pressure. The baseline 
hypccarbia, also noted by other investigators, is attrib- 
uted to placement of the animal in the restrained, su- 
pine position. Maternal hyperventilation frequently 
preceded tracheostomy and assisted ventilation, thus 
excluding both as possible causes. Exacerbation of the 
preexposure hypocarbia by carbon monoxide expo- 
sure represents a physiologic response to cellular 
hypoxia. 

Both 100% oxygen and 100% oxygen plus Fluosol- 
DA (20%) caused a significant increase in maternal ar- 
terial and fetal venous oxygen tensions and blood oxy- 
gen content. The maternal hyperoxia was accompanied 
by the rapid conversion of carboxyhemoglobin to oxy- 
hemoglobin, with the most rapid rates seen in those 
animals that received beth 100% oxygen and Fluosol- 
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DA (20%), as reported previously by other investi- 
gators.” 

With inspiration of room air, the amount of oxygen 
dissolved in the aqueous phase of whole blood is 0.3 
ml/dl, which can be increased with inspiration of 100% 
oxygen. The oxygen dissolved in the perfluorochemical 
phase per deciliter of whole blood can be determined 
with the use of the formula described by Rosen et al.”: 


[Ozas] = [Oze] + [Ozu] 
[Oz] = pfc x Po,/760 x fct = 
0.000308 X Pao, X fct 
[Os ul = aqu X Po,/760 x (100 — fct) = 
0.0000316 x Pao, X (100 — fet) 


where Os = oxygen dissolved, Os = oxygen dis- 
solved in the perfluorochemical phase, On = oxygen 
dissolved in aqueous phase, and fct = fluorocrit. With 
a mean fluorocrit of 3% for any animal that received 
Fluosol-DA (20%), the amount of oxygen dissolved in 
the perfluorochemical phase per deciliter of whole 
blood was 0.31 ml with a mean Pao, of 77 torr achieved 
with an Fig, of 0.27 and 0.96 ml/dl and with a mean 
Pao, of 240 torr achieved with an Fig, of 1.00. Al- 
though the increase from 0.31 to 0.96 ml/d] may not 
appear significant, the more rapid release of oxygen 
from the perfluorochemical emulsion as compared with 
that from hemoglobin provides enhanced delivery of 
oxygen to support cellular metabolism™ and is the rea- 
son for the salutary effect of limited perfluorochemical 
administration. This reasoning is supported by the data 
of Tremper et al.,’° in which the administration of 20 
ml/kg of Fluosol-DA and 100% oxygen to severely ane- 
mic patients resulted in improved oxygen transport 
over that with 100% oxygen alone on the basis of oxy- 
gen consumption, mixed venous oxygen tension, and 
venous hemoglobin saturation. The absence of any de- 
monstrable benefit to the tetus may reflect the minimal 
increase in the placental oxygen concentration differ- 
ence that would occur with a 3% maternal fluorocrit 
and 100% oxygen versus 100% oxygen alone. The pro- 
gressive acidemia observed in all fetal lambs without a 
significant increase in the fetal venous oxygen content 
of group 4 as compared with group 3 suggests that the 
adjunctive administration of limited quantities of Fluo- 
sol-DA (20%) offers no apparent advantage as com- 
pared with 100% oxygen alone for acute fetal resus- 
citation. 
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Possible mechanism of steroid action of the plant herb extracts 
glycyrrhizin, glycyrrhetinic acid, and paeonifiorin: Inhibition 
by plant herb extracts of steroid protein binding in the rabbit 


T. Tamaya, M.D., S. Sato, M.D., and H. H. Okada, M.D. 


Kyoto, Japan 


To assess the action of some components of herbal medicine, glycyrrhizin, glycyrrhetinic acid, and 
paeonifiorin, on steroids, their binding to several classes of intracellular and serum steroid-binding proteins 
were studied in the rabbit. The affinity (inhibitor constant) for binding of dihydrotestosterone—sex hormone 
binding globulin in the serum (dissociation constant of 2.0 nmol/L for dihydrotestosterone) was 
approximately 520 nmol/L, and that for the binding of cortisol—corticosteroid-binding globulin in the serum 
(dissociation constant of 2.0 nmol/L for cortisol) was approximately 10 umol/L. In the uterine cytosol, the 
inhibitor constant value for estradiol receptor binding (dissociation constant of 1.0 nmol/L) was 0.9 mol/L, 
and these compounds did not influence progestin receptor binding (dissociation constant of 1.4 nmol/L). 
The inhibitor constant values for glucocorticoid receptor binding (dissociation constant of 1.0 nmol/L) in the 
liver cytosol were 3.0 nmol/L for paeonifiorin, 2.0 nmol/L for glycyrrhizin, and 1.7 nmol/L for glycyrrhetinic 
acid, and those for mineralocorticoid receptor binding (dissociation constant = 1.1 nmol/L) in the kidney 
cytosol were 3.5 nmol/L for paeoniflorin and glycyrrhetinic acid and 3.0 nmol/L for glycyrrhizin. These 
results suggest that herbal extracts such as the above compounds influence steroid effects by 
glucocorticoid and mineralocorticoid receptors and to a lesser extent by estrogen receptors or serum sex 
hormone—binding globulin and corticosteroid-binding globulin. (AM J OssteT GYNECOL 1986;155:1 134-9.) 
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Eg KA 


Traditional Chinese herbal medicine has long been 
used in Japan. The use of glycyrrhiza (licorice) root 
combined with paeonia (peony) root for various dis- 
orders has a long history dating back to ancient China 
and these have recently been used in Japan to treat 
hyperandrogenic and anovulatory disorders.’ 
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Glycyrrhizin 


OH 


Paeoniflorin 


Fig. 1. Structures of glycyrrhizin, glycyrrhetinic (Glycyrrhetic) 
acid, and paeonifiorin. 


The major components of glycyrrhiza root are glyc- 
yrrhizin and glycyrrhetinic acid, which have a steroid 
structure. Glycyrrhizin and its related compounds such 
as glycyrrhetinic acid have mineralocorticoid,’ gluco- 
corticoid,** and antiestrogenic® activities and influence 
steroid metabolism.” * The major component of péony 
roo: is paeoniflorin, which has a benzene structure that 
constitutes part of the estrogen structure; however, lit- 
tle is known of the possible steroid-related biologic ac- 
tivity of the compound.*!! 

Under the assumption that these compounds influ- 
ence steroid activity, we examined their effects on tri- 
tiur-labeled steroid—binding activities in the uterine, 
liver, and kidney cytosol and the serum of the rabbit. 
These substances were evaluated for intracellular ste- 
roid-specific binding sites and either serum corticoste- 
roid-binding globulin or sex steroid—binding globulin. 


Material and methods 

Chemicals. 6,7-°H-178-Estradiol @H-E,, 47.9 Ci/ 
mmol), *H-promegestone ?H-R 5020, 17a,21-dimethyl- 
, 19- nor- pregnane - 4,9- diene -3,20 - dione- [1 7a- meth- 
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Fig. 2. Double reciprocal plot. Effect of compounds on °H- 
DHT-sex hormone binding globulin (e—e) binding in rab- 
bit serum. Compounds are as follows: paeoniflorin (e——o), 
glycyrrhizin (ji———m), and glycyrrhetinic acid (A~-—A). Ky of 
3H-DHT was 2.0 nmol/L. The i (200 nmol/L) and the K, are 
shown in the presence of inhibitor. The K, the dissociation 
constant of the inhibitor-receptor complex, can be calculated 
by the equation K; = iKa/ (K, — Ka). In this case, the K, of 
each compound was 2.8 nmol/L. Each value represents the 
mean of triplicate determinations. 


50 


1/Bound 


25 


Ño 


5 10 
1/Free( x19? M5) 


Fig. 3. Double reciprocal plot. Effect of compounds on °H- 
cottisol—corticosteroid-binding globulin binding (e—e) in 
rabbit serum. Explanations and abbreviaticns are the same as 
those in Fig. 2. The K4 of *H-cortisol was 2.0 nmol/L. The K, 
of each compound was 2.4 nmol/L. 


yl“H], 86 Ci/mmol), *H-methyltrienolone (R 1881, 
178 - hydroxy - 17 - methylestra- 4,9, 11- trien - 3- one- 
[17a-methylH], 87 Ci/mmol), °H-dexamethasone (9- 
fluoro-11,17,21-tri- hydroxy - 16-methylpregna- 1,4- 
diene-3,20-dione-[1,2,4°H], 41 Ci/mmol), 1,2,6,7-"H- 
aldosterone (75 Ci/mmol), 1,2-3H-cortisol (??H-cortisol, 


40 Ci/mmol), and [1,2-*H]-dihydrotestosterone (@H- ~~. 
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Fig. 4. Double reciprocal plot. Effect of compounds on °H-E, 
estrogen receptor (@——6è) in rabbit uterine cytosol. Expla- 
natiöns and abbreviations are the same as those in Fig. 2. The 
Ka of *H-E, was 1.0 nmol/L. The K, of each compound was 
1.2 nmol/L. 
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Fig. 5. Double reciprocal plot. Effect of compounds on 
*H-R 5020 progestin receptor (#——e) iri rabbit uterine cy- 
tosol. Explanations and abbreviations dre the same as those in 
Fig. 2. The Ky of °H-R 5020 was 1.4 nmol/L. 


DHT, 40 Ci/mmol) were obtained from New England 
Nuclear, Boston, Massachusetts. 17B8-Estradiol, proges- 
terone, dihydrotestosteronie, cortisol, aldosterone, dex- 
tran, and activated charcoal were from Sigma Chemical 
Company, St. Louis, Missouri. Glycyrrhizin (20f-car- 
boxy- 11-oxo-30-nor-olean -12-en-3B-yl-2-O-B-b- 

glucopyranuronosyl-«-D-glucopyranosiduronic -acid, 
molecular weight =. 822), glycyrrhetinic acid (3ß-hy- 
droxy-11-oxo-208-olean-12-en-29-oic acid), and pae- 
oniflorin (5b-[(bengoyloxy)-methyl]tetrahydro-5-hy- 
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Fig. 6. Double reciprocal plot. Effect of campound: on °H- 
dexamethasone glucocorticoid receptor (#——e) in rabbit 
liver cytosol. Explanations and abbreviations are the same as 
those in Fig. 2. The K, of *H-dexame:hasone was 1.0 
nmol/L. The K, of glycyrrhizin was 1.10 nmol/L; the K, of 
glycyrrhetinic acid was 1.12 nmol/L; and the K, of paeoni- 
florin was 1.07 nmol/L. 


droxy-2-methyl-2,5-methano-1H-3 4-dioxacyclo- 
buta [cd] penta - len - la(2H - yl - D - glucopyranoside, 
molecular weight = 480) (structures shown in Fig. 1) 
were supplied by Tumurajuntendo Pharm. Co., Tokyo, 
Japan. 

Effect of compounds on *H-steroid binding in se- 
rum and cytosol. Rabbits 20 to 25 days old and weigh- 
ing about 1 kg were primed with 17B-estradiol “50 pg) 
in sesame oil for 7 days. Four days later, the uterus, 
kidney, and liver were removed, homogenized with five 
volumes (v/w) of TEG buffer (10 mmol/L Tris, 1.5 
mmol/L ethylenediaminetetraacetic acid [EDTA], and 
10% glycerol, pH 7.4) manually with a Teflon-g_ass ho- 
mogenizer (three strokes), and centrifuged ir nitro- 
cellulose tubes at 193,400 x g for 1 hour to yield the 
supernatant fluid (cytosol). The serum was obtained 
from the same rabbit and stirred for 5 minutes at 15- 
minute intervals. Dextran-coated charccal was removed 
by centrifugation (2000 x g for 15 minutes). 

The cytosol fraction and the serum were exposed to 
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the same volume of 0.1% dextran-coated charcoal 
(0.001% dextran and 0.1% charcoal) solution sus- 
pended in TEG buffer at 4° C for 1 hour. The cytosol 
or the serum was diluted with TEG buffer to a protein 
concentration of 1 mg/ml. °H-E, (0.3 to 3 nmol/L) with 
a 200-fold excess of dihydrotestosterone for the estro- 
gen receptor, “H-promegestone (0.3 to 3 nmol/L) with 
a 200-fold excess of cortisol for the progestin receptor, 
or *H-R 1881 (0.3 to 3 nmol/L) with a 200-fold excess 
of progesterone for the androgen receptor was incu- 
bated with uterine cytosol (0.2 ml) at 20° C for 1 hour. 
7H-Dexamethasone (0.5 to 3 nmol/L) with 0.2 ml of 
liver cytosol for the glucocorticoid receptor or *H-al- 
dosterone (0.3 to 3 nmol/L) with 0.2 ml of kidney cy- 
tosol for the mineralocorticoid receptor was incubated 
at 29° C. *H-DHT (0.3 to 3 nmol/L) or *H-cortisol (0.3 
to 3 nmol/L) was incubated with 0.2 ml of serum 
for 2 hours at 20° C. The radioactivity of these in- 
cubates with a constant concentration (200 nmol/L) 
of glycyrrhizin, glycyrrhetinic acid, or paeoniflorin 
was also determined. Unbound hormones were then 
adsorbed by 0.2 ml of 0.25% (for cytosol) or 0.1% 
(for serum) dextran-coated charcoal (incubation for 
30 minutes at 4° C, followed by centrifugation at 
2000 x g). The radioactivity of the bound hormone 
was determined in aqueous-counting Scintillane II 
(Amersham Corporation, Arlington Heights, Illinois) 
with the use of a Packard Tri-Carb 460C automatic 
scintillation system (Packard Instrument Company, 
Downers Grove, Illinois). The determinations were 
done in triplicate. l 

When iis the concentration of the inhibitor, Ka is the 
dissociation constant of the steroid-receptor complex, 
and K, is the apparent dissociation constant in the pres- 
ence of the inhibitor, the inhibitor constant (K;, the 
dissociation constant of the inhibitor-receptor complex) 
can be calculated by the following equation!" '?: 


K; = iKa/ (K, — Ka) 


Results 


Tne double reciprocal plots (Figs. 2 to 7) revealed 
that all the compounds competitively inhibited steroid- 
protein binding except for progestin receptor binding. 
As shown in Table I, each compound had similar af- 
finity for each steroid-binding protein. Each com- 
pound had a K, of 0.52 pmol/L for serum *H-DHT 
binding protein, namely, sex hormone—binding glob- 
ulin (Fig. 1). This K; value was much higher than the 
Ka (2 nmol/L) of dihydrotestosterone for sex hormone- 
binding globulin. Each compound had a K; of 1.0 
mol/L for serum *H-cortisol—binding protein, namely, 
corticosteroid-binding globulin (Fig. 2). This K, value 
was much higher than the K, (2 nmol/L) of cortisol for 
corticosteroid-binding globulin. | 
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Fig. 7. Double reciprocal plot. Effect of compounds on °H- 
aldosterone mineralocorticoid receptor (e—e) in rabbit kid- 
ney cytosol. Explanations and abbreviations are the same as 
those in Fig. 2. The Ky of *H-aldosterone was 1.1 nmol/L. The 
K, of glycyrrhizin was 1.17 nmol/L; the K, of both glycyrrhe- 
tinic acid and paeoniflorin was 1.16 nmol/L. 


In uterine cytosol, the K; of these compounds was 
about 0.9 pmol/L for estrogen receptor, where the K, 
of 17B-estradiol was 1.0 nmol/L. In liver cytosol the K; 
values for glucocorticoid receptor (Ka = 1.0 nmol/L of 
dexamethasone) were 30 nmol/L for paeoniflorin, 20 
nmol/L for glycyrrhizin, and 17 nmol/L for glycyrrhe- 
tinic acid, and in kidney cytosol those for mineralocor- 
ticoid receptor (Ky = 1.1 nmol/L of aldosterone) were 
35 nmol/L for paeoniflorin and glycyrrhetinic acid and 
30 nmol/L for glycyrrhizin. In uterine cytosol, these 
three compounds did not bind to progestin receptor, 
as shown in Fig. 4, and the-level of androgen receptor 
in the uterine cytosol was so low that the competition 
experiment for double reciprocal plot analysis could 
not be done. . l 

The above data indicate that paeoniflorin, glycyr- 
rhizin, and glycyrrhetinic acid, at approximately similar 
concentrations, bind to glucocorticoid receptor and 
mineralocorticoid receptor with moderate affinity and 
to estrogen receptor, sex hormone—binding globulin, 
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Table I. K; values of compounds for various endogenous steroid-binding Poe 


Sex hormone ` Corticosteroid-binding 
binding glabulzn— globulin—. 
*H-DHT `H-cortisol 
(mol/L) (mol/L) 
Ki 2.0 x 107 2.0 x 107° 
Ko 
Glycyrrhizin 
Glycyrrhetinic acid ls. x 107° hio xX 1079 
Paeonifiorin 


and corticosteroid-binding globulin with very weak af- 
finity. | 


Comment 

In the present study, glycyrrhizin, glycyrrhetinic acid, 
and paeonifiorin exhibited almost identical binding 
characteristics in serum and tissue cytosol of the rabbit. 
However, their known biologic effects are limited. The 
compounds can influence steroid-related effects, as 
previously mentioned, which may be related to their 
biochemical behavior. They can bind to glucocorticoid 
receptor and -mineralocorticoid receptor with mod- 
erate affinity and may influence endogenous cortico- 
steroid activity via a Aa mechanism. They have 
positive™* and negative** effects. For example, glycyr- 
rhizin inhibits the metabolic actions of cortisone in the 
liver.” This may be related to-the its steroid receptor— 
binding behavior. . 

When a large amount of these compounds binds to 
sex hormone-binding globulin, corticosteroid-binding 
globulin, estrogen receptor, and corticosteroid recep- 
tor, corticosteroids or other endogenous steroids may 
be displaced from these proteins. The displaced cor- 
ticosteroids or other steroids may thus be related to 
increases or decreases of corticosteroid or other steroid 
activity. 

It has been reported that at a relatively high concen- 
tration glycyrrhizin exhibits antiestrogenic action.® It 
binds minimally to sex hormone—binding globulin and 
estrogen receptor. At such concentrations of glycyr- 
rhizin, estrogen bound to sex hormone-binding glob- 
ulin can be replaced and quickly metabolized, whereas 
the glycyrrhizin binding to estrogen receptor blocks the 
estrogenic effect..Moreover, glycyrrhizin is not known 
to have estrogenic activity. On the other hand, little is 
known about the biologic effect of paeoniflorin.*”! 
Judging from its biochemical behavior, however, 
paeoniflorin may influence the action of steroids, es- 
pecially corticosteroids. 

In general, whether the present compounds dem- 
onstrate their biologic effects is partly dependent on 
the relationship between endogénous steroid levels and 
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levels of those compounds that can bind to steroid- 
binding proteins. Endogenous steroids can bind to each 
steroid receptor but are displaced from the steroid- 
protein complex by a relatively high amount of those 
compounds extracted from herbs. It is als» possible that 
they replaced endogenous steroids from corticosteroid- 
binding globulin or sex hormone—bincing globulin; 
free endogenous steroid activity may then be initiated. 
However, these replaced steroids can be quickly me- 
tabolized and lose their biologic effects. On the other 
hand, to observe such biologic effects, it is necessary 
that these compounds reach a certain level and then 
activate the corresponding gene, much as the endog- 
enous steroids do. Therefore, compounds sometimes 
demonstrate antisteroid action without gene activation. 

Medication consisting of glycyrrhiza (licorice) root 
and paeonia (peony) root was reported to be effective 
in inducing regular ovulation in hyperar.drogenic and 
oligomenorrheic women.’ It is suggestec that the glu- 
cocorticoid action of the compounds extracted from 
herbs is related to their therapeutic effects in these 
patients. Combined additive effects of paeoniflorin and 
glycyrrhizin have been reported.® © Such effects are 
also interesting for’ UnGerstanding the traditional 
Chinese herbal medicine. 
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Oxytocin injection into the umbilical vein in 
women with retained placenta: A questionable 
method 


To the Editors: 

In a recent communication in vour JOURNAL Golan 
et al. reported an excellent result when treating women 
with a retained placenta with an injection of oxytocin 
(10 ml of oxytocin in 20 ml of saline solution) into the 
umbilical vein (Golan A, Lidor AL, Wexler S, David 
MP. A new method for the management of the retained 
placenta. AM J OBSTET GYNECOL 1983;146:708-9). If 
the placenta was undelivered 30 minutes after the sec- 
ond stage of labor was completed, they applied gentle 
traction on the cord and suprapubic pressure; if this 
was without result the injection was given. No infor- 
mation on routine use of intravenous oxytocin or meth- 
ylergonovine maleate injection at delivery was given in 
the article. In all patients treated with the method the 
placenta was expelled within 5 minutes. 

In an attempt to evaluate their method we have tried 
it in 48 patients with retention of the placenta in spite 
of our routine procedures in these cases (0.2 mg of 
methylergonovine maleate intravenously after comple- 
tion of the second stage of labor, then 15 minutes later 
emptying of the urinary bladder and eventually breast- 
feeding of the infant). We also performed a combina- 
tion of Credé’s maneuver and light traction of the cord 
after 30 minutes, so that a total of about 60 minutes 
elapsed before the umbilical vein injection was given. 

In 22 of the 48 patients complete expulsion of the 
placenta occurred after a mean of 19 minutes (range 
9 to 50; Fig. 1). In the remaining 26 patients a partial 
expulsion occurred in three and there was no effect at 
all in 23 after 80 minutes. All of these had to be treated 
by a manual removal of the placenta, which was clearly 
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more difficult than usual because of a firmly contracted 
uterus. No effects on blood pressure or heart rate or 
any other side effects were observed, but in one patient 
a postpartum hemorrhage of 1000 ml required im- 
mediate manual removal. 

A possible explanation of the very good results of 
Golan et al. in comparison to ours might be the early 
umbilical cord injection given, 30 minutes versus our 
60 minutes. It is quite possible that by waiting another 
30 minutes some of the placentas in their cases might 
have been delivered spontaneously. Furthermore, the 
authors did not mention any use of oxytocic substances 
intravenously immediately after parturition, which in 
many western countries has a well-established role in 
facilitating the third stage of labour. 

Although expulsion of the placenta occurred in 22 
of our patients, we do not know whether this was the 
result of the oxytocin injection into the umbilical vein. 
In order to demonstrate a therapeutic effect of this 
method a double-blind study in patients with retention 
of the placenta would need to be performed. 

Arnar Hauksson, M.D. 
Department of Obstetrics and Gynecology 
University Hospital of Lund 
S-221 85 Lund, Sweden 


Oral contraception and hormone replacement 
therapy: Are progestogens and progestins 
breast mitogens? 

To the Editors: 

It is general practice in patients on hormone replace- 
ment therapy to oppose the proliferative estrogen 
effect on reproductive tissues by a progestogen (pro- 
gesterone, progesterone derivatives) or a progestin (19- 
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Fig. 1. The time from oxytocin injection into the umbilical vein until delivery of the placenta in 22 


of 48 patients with complete placental expulsion. 
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Table I. Oral contraceptives and breast cancer risk* 


Relative 
Duration risk 
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Author Comment 
Centers for Disease Control? Ever-use 0.9 Neither duration of use nor time 
since first use alters the risk of 
breast cancer 
21] years 0.8 
Centers for Disease Control’ 4-6 years 0.8 No association between high pro- 
gestin pills and breast cancer 
>6 years 0.9 
Pike et al.’ 4-6 years (use be- 2.0 “High” use of progestin pill for 2- 
fore age 25) 4 years and for 4-6 years in- 
creases the breast cancer risk by 
2.4-fold and 4.1-fold, respec- 
tively 
>6 years 4.9 
Vessey et al.* Ever-use age 16-35 0.9 
Interval since last 
use 
1-4 years 0.9 
4-8 years 1.2 No patterns of breast cancer risk 
emerge in younger women 
>8 years 0.5 
Hennekens et al.’ Ever-use 1.0 More than 10-year users: slightly 
lower breast cancer risk than 
among never-users 
Rosenberg et al." Ever-use 1.0 Use of oral contraceptives for 5 or 
more years was not associated 
with breast cancer 
=5 years 1.0 


*From Vorherr.' 


nortestosterone derivatives as contained in oral com- 
bination contraceptives). In contrast, progestogens and 
progestins have been labeled as important mitogens,’ 
that is, inducing mitosis of breast epithelium and 
thereby increasing the risk of breast cancer. This is 
disturbing to the practicing physician and is in contrast 
to prevailing concepts of breast physiology, literature 
reports, and clinical experience. Rather, on endome- 
trium as well as on breast epithelium, progesterone 
modulates the mitotic estrogen effect, thereby changing 
proliferating (mitotic) epithelium into a state of mitotic 
rest and epithelial differentiation.** Also, despite high 
estrogen levels, progesterone antagonizes estrogen-in- 
duced epithelial proliferation during pregnancy, bring- 
ing about epithelial differentiation in preparation for 
lactation post partum.’ Accordingly, progesterone 
functions as an antimitogen, and consequently the clin- 
ical practice has emerged to oppose the proliferative 
effect of estrogen on endometrium and breast epithe- 
lium by administering a progestogen or a progestin. 
Our experience supports this practice: (1) long-term 
treatment of patients with fibrocystic breast disease and 
intraductal epithelial proliferation (epithelial hyperpla- 
sia) with use of a progestogen or a low-estrogen oral 
contraceptive with high progestin activity can arrest 
and revert epithelial hyperplasia; (2) in patients with 
intraductal proliferation (intraductal papillomatosis) 
sanguineous or serosanguineous nipple discharge will 
subside with progestogen or progestin treatment.’ 
Moreover, almost all studies (Table I) contradict the 


findings of Pike et al.” that oral contraceptive prepa- 
rations with a high progestin content increase the risk 
of breast cancer. The incidence of breast cancer in pill 
users has been found to be slightly lower when the 
progestin content of the oral contraceptive is high.? " 
A recent study of 2088 women with breast cancer re- 
vealed no difference in breast cancer risk according to 
age at first use and duration of use of oral contracep- 
tives.'* Also in contrast to the report of Pike et al., use 
of pills with high progestin “potency” before age 25 
and for = 4 to 6 years did not increase the breast cancer 
risk.? Moreover, in a prospective study by Lipnick 
et al., use of oral contraceptives was not associated 
with breast cancer risk. Also, patients on oral contra- 
ceptives are protected from fibrocystic breast disease 
and epithelial hyperplasia.*'"'* Accordingly, the prac- 
ticing physician may be reassured that progestogens 
and progestins do not increase the risk of breast cancer 
but rather protect breast epithelium against prolifer- 
ation and thereby may prevent development of epi- 
thelial atypia, which may progress to carcinoma. Studies 
of Gambrell et al. show that combined estrogen-pro- 
gestogen replacement therapy reduced breast cancer 
incidence by half. 

Helmuth Vorherr, M.D. 
Department of Obstetrics and Gynecology 
The University of New Mexico 
School of Medicine 
915 Stanford Drive, N.E. 
Albuquerque, New Mexico 87131 > 
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Serum vitamin E status in infants with neonatal 
hyperbilirubinemia 


To the Editors: 

The need to maintain normal vitamin E levels in 
newborn infants to avoid possible adverse effects of 
hypervitaminosis including sepsis and necrotizing 
enterocolitis' as well as to prevent vitamin E deficiency 
associated with children with chronic cholestasis? ne- 
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cessitates careful monitoring of vitamin E status in neo- 
nates. The article by Marx et al. entitled “Vitamin E 
concentration in serum of newborn infants after topical 
use of vitamin E by nursing mothers” (AM J OBSTET 
GYNECOL 1985;152:668-70) shows that even unpre- 
scribed topical use of vitamin E by nursing mothers can 
cause hypervitaminosis in infants. 

We would like to describe the vitamin E status of 
Libyan infants with neonatal hyperbilirubinemia to 
show that it may be beneficial to assess vitamin E status 
in such children over a period of time. Fasting blood 
samples were obtained from neonatal hyperbilirubt- 
nemic cases (at 2 to 5 days and after 15 to 28 days in 
the same infants the serum bilirubin was >24¢ um/L; 
direct: 190 + 12 wm/L; n = 110). Control intants (2 
to 4 days old and retested at 15 to 28 days; 2 = 80) 
who were regularly breast-fed by their mothers were 
subjected to vitamin E estimation,’ and total cho.esterol, 
total glyceride glycerol (Boehringer kits, Mannheim), 
and total phospholipid measurement by specific en- 
zyme assays.’ The vitamin E status is described as vi- 
tamin E/total lipid ratio (normal: >0.6 mg/grr. for in- 
fants; >0.8 mg/gm for adults).* The erythrocyte mem- 
branes prepared’ were subjected to lipid peroxidation 
in the presence of catalytic amounts of ascorbate and 
ferrous ions in vitro. The amount of malondia-dehyde 
was measured by thiobarbituric acid assay and ex- 
pressed as nanomoles of malondialdehyde formed per 
gram of hemoglobin.’ The statistical significance be- 
tween the groups was calculated by means of S:udent’s 
i test. 

The results (Table I) clearly show low levels of vita- 
min E in neonatal hyperbilirubinemic cases compared 
to 2- to 4-day-old and 15- to 28-day-old control infants. 
The levels of vitamin E in 2- to 4-day-old infants rose 
to adult levels in 15- to 28-day-old control infants; this 
may be due to the continuous breast-feeding of the 
infants by the mothers as suggested by Marx ez al. But 
the levels of vitamin E did not show such an -ncrease 
in infants with neonatal hyperbilirubinemia even after 
continuous breast-feeding as noted in the levels of vi- 
tamin E in 15- to 28-day-old hyperbilirubinemic infants 
in the present study. This may be attributed to im- 
mazure hepatoexcretory function essential for diges- 
tion of lipids and their absorption including fat-soluble 
vitamins." Thus the presence of low levels of vitamin E 
along with increased susceptibility to lipid peroxidation 
of erythrocytes obtained from infants with neonatal 


Table I. Serum vitamin E status of infants with neonatal hyperbilirubinemia (NHB) 






15- to 23-day-old 
cases with NHB 








2- to 4-day-old 
Parameter controls 


0.40 + 0.05 


2- to 5-day-old 15- to 28-day-old 
cases with NHB controls 


0.25 + 0.06* 1.40 + 0.2 





0.45 + 0.10F 
Vitamin E/total lipids} (mg/gm) >0.6 <0.6 >0.8 >D.6 


Vitamin E (mg/dl) 


Malondialdehyde (nmol/gm of hemoglobin) 340.00 + 28.00 450.00 + 30.00* 280.00 + 35.0 360.00 + 33.00T 


*p < 0.01. 
tp < 0.001, 
Sum of total glycerides, cholesterol, and phospholipids. 


Volume 155 
Number 5 


hyperbilirubinemia suggests that continuous monitor- 
ing of vitamin E status in such children may be essential 
along with vitamin E supplementation in them. 
D. S. Sheriff, PhD. 
K. Ghwarsha, Ph.D. 
A. J. Baxi, Ph.D. 
K. B. El Gengan, B.S. 
M. El. Fakhri, Ph.D. 
Department of Biochemistry 
J. Kishan, M.D., D.Ch. 
Department of Pediatrics 
Al Arab Medical University 
Post Box 7025 
Benghazi, Libya 
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Reply 
To the Editors: 

We appreciate the interest of Dr. Sheriff and his col- 
leagues in our work but disagree with their summary 
of our conclusions. We demonstrated significantly in- 
creased, but still normal, levels of vitamin E in newborn 
infants nursed after short-term maternal topical use of 
vitam:n E as a nipple balm, not hypervitaminosis E. 
The distinction is underscored by the lack of infor- 
mation relating to serum tocopherol levels and vitamin 
E toxicity in term newborn infants. 

The suggested benefit of vitamin E administration to 
the severely hyperbilirubinemic newborn with in- 
creased susceptibility to lipid peroxidation of erythro- 
cytes should be confirmed by controlled clinical trial 
before its use becomes routine. 5 

Celeste Martin Marx, Pharm.D. 
Sparrow Hospital 
1215 E£. Michigan Avenue 
Lansing, Michigan 48909 
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Central venous catheterization: Are 
complications related to the route? 


To the Editors: 

The description of central venous access by the su- 
praclavicular route (Helmkamp BF, Sanko SR. Am J 
OBSTET GYNECOL 1985;153:751-4) is clinically useful. 
Clark et al. described a similarly uncomplicated expe- 
rience in central venous access with use of the internal 
jugular vein as the preferred access site.’ We would 
emphasize that proper supervision of the procedure is 
probably more important in preventing complications 
such as pneumothorax than is the particular site chosen 
for access. l 

The authors claim that their 3.03% incidence of 
pneumothorax (three instances of pneumothorax in 99 
attempts) with use of the supraclavicular approach is 
less than the published 6% incidence of pneumothorax 
associated with the infraclavicular approach. However, 
the 95% confidence limits (0.63% to 8.6%) determined 
from their data by the use of the binomial distribution 
indicate that the incidence of pneumothorax in their 
series is not statistically different from the 6% incidence 
associated with the infraclavicular approach. 

The authors describe entering the vein with a 14- 
gauge needle. The use of a large-bore needle may in- 
crease the risk or magnitude of injury to the nearby 
pleura or subclavian artery. 

Many other authors use a thin (for example, 22- 
gauge) needle first to identify the vein.'* After the vein 
is entered with the thin needle, a larger bore (usually 
18-gauge) needle is passed along the same route, and 
a guide wire is threaded through the needle with use 
of a modified Seldinger technique. Finally, the sheath 
or the catheter is threaded over the guide wire. 

We have not found patient discomfort or lack of neck 
mobility to be a significant problem when the internal 
jugular approach is used, especially for hemodynamic 
monitoring for a few days or less. For long-term use, 
such as central hyperalimentation, the supraclavicular 
approach is a useful alternative. 

The increasing use of central venous access or the 
pulmonary artery catheter requires that we minimize 
all potential risks to the patient, including those asso- 
ciated with the insertion procedure.® 

| Jeffrey S. Greenspoon, M.D. 
Department of Obstetrics and Gynecology l 
Joseph Terrasi, M.D. 
Department of Obstetric Anesthesia 


Women’s Hospital, Room 5-K-40 
1240 North Mission Road 
Los Angeles, California 90033 
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Reply 
To the Editors: 

Thank you very much for the opportunity to reply 
to the letters from Dr. Brand and from Drs. Green- 
spoon and Terrasi. Their remarks are both timely and 


pertinent, since the major point emphasized is the Sel- 


dinger technique. This has been shown to be efficacious 
in both catheter insertion and correction of malposi- 
tioned catheters. 

Unfortunately, there will always be complications 
with any surgical technique or procedure, even in the 
best hands. I thank Drs. Brand, Greenspoon, and Ter- 
rasi for clarifying the Seldinger modifications for all 
physicians who routinely perform central venous cath- 
eterizations. . 
B. Frederick Helmkamp, M.D. 
3299 Woodburn Road, Suite 320 
Annandale, Virginia 22003 


Ọs calcis results questioned 


To the Editors: 

Wasnich et al. (Prediction of postmenopausal fracture 
risk with bone mineral measurements. AM J OBSTET 
GYNECOL 1985;153:745-51.) examined the incidence of 
26 nonosteoporotic fractures in relation to bone density 
at several skeletal sites in Hawaiian women. They ar- 
rived at the surprising conclusion that the os calcis was 
a better predictor of fracture then the radius or spine 
and therefore was suitable for osteoporosis screening. 
Obviously, if the results from this small Japanese-Amer- 
ican sample were confirmed in a much larger sample 
of white women in the United States and if the results 
of long-bone fractures could be extrapolated to the 
spine and hip, then there might be some rationale for 
measurement of the Jlong-abandoned os calcis site. 
However, the os calcis was abandoned because studies 
over the past two decades repeatedly showed that it was 
(1) slightly less sensitive than more convenient periph- 
eral sites (radius); (2) poorly correlated to spinal density 
with a prediction error (1 SEE) equal to about one 
standard derivation (that is, 0.14 gm/cm? for area den- 
sity), or over a 25% error at the 35% confidence inter- 
val; and (3) profoundly influenced by both body weight 
and physical activity. 

Wasnich et al. also reported on the prevalence of 
spinal fracture in relation to spinal density, but their 
results are markedly different from those observed at 
Mayo Clinic.’ Spinal fractures in the Mayo study were 
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twice as common at low densities and less than half as 
common at high densities. Thus the study results on 
white women in the United States show a higlk odds 
ratio for spinal density. The Hawaiian data show, as 
did the study of Khairi et al., that fractures increase 


_ with decreasing density, but that there :s a substantial 


percentage of false negative results (tkat is, fracture 
cases with densities within 2 SD of normal) for eppen- 
dicular measurements. Half of all spinel fractures oc- 
curred at normal os calcis densities (prevalence rate 
about 20% above 0.3 gm/cm?), but few occurred at nor- 
mal spine densities (<10% above 1.0 gm/cm?). There 
is a complete overlap of os calcis density in patients and 
age-matched controls! 

Previous studies by this same research group showed 
that the os calcis was no better than either the distal 
radius or the radius shaft and that all three sites showed 
a high proportion of false negatives.’ False negative 
results limit use of a method for screening; tkey are 
many times higher at peripheral skeletal sites than at 
axial sites.* 

Though the Hawaiian investigators have artfully 
stratified both prevalence and incidence data, they have 
not examined critically the consequences of this ma- 
nipulation. Rational physicians must measure fracture 
sites in order both to ascertain fracture risk in individ- 
ual patients and to discriminate abnormal cases from 
normal ones. 

- Richard E. Mazess, Ph.D. 
Department of Medical Physics 
1530 Medical Science Center 
1360 University Avenue 
Madison, Wisconsin 53706 
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porosis. J Bone Joint Surg 1976;58:221-6. 

3. Yano K, Wasnich RD, Vogel JM, Heilbrun LK. Bcne Min- 
eral measurements among middle-aged and elderly Japa- 
nese residents in Hawaii. Am J Epidemiol 1984;119: 
751-61. 

4. Wahner HW, Dunn WL, Riggs BL. Noninvasive bene min- 
eral measurements. Semin Nucl Med 1933;13:282-9. 


Reply 
To the Editors: 

The misinformation contained withm Mazess’ letter 
is not new or novel, but staggering nonetheless. The 
“small Japanese-American sample” to which h= refers 
is one of the largest, if not the largest, prospective co- 
hort studies of multiple osteoporosis risk factors in the 
world. Except for the prior study of Smith et al.,' this 
also appears to be one of the first reports relat.ng true 
fracture incidence (as opposed to the prevalence studies 
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quoted by Mazess) to measurements of bone density. 
To our knowledge, it is the only study that has pro- 
spectively measured multiple skeletal sites and compared 
these to subsequent fracture incidence. Since this is an 
ongoing population study, the number of incident frac- 
tures continues to grow and is now more than double 
the 26 reported initially. However, the important point 
is missed; statistical tests of significance are employed 
for precisely this reason, and the reported relationships 
of bone density to fracture are significant. That is why, 
after 5 years of data collection, these results were re- 
ported at this time. 

Mazess, as a former anthropologist, is surely aware 
that he has misused the ethnic issue. Small Caucasians 
have lower bone mass, on the average, than large Ori- 
entals. The data indicate that it is the bone mass and 
not the skin color that is strongly predictive of fracture 
risk. Thus bone mass appears to be a composite of all 
risk factors and skeletal influences, including ethnicity. 
In response to other misstatements in his letter, it 
should be noted that (1) both spine and os calcis are 
significantly correlated to body weight, (2) our data are 
not in disagreement with those from the Mayo Clinic 
but in fact correspond well, and (3) continued use of 
the term “age-matched controls” is meaningless. 

The os calcis site may have been abandoned by Ma- 
zess but not by numerous, open-minded investigators 
who have appreciated the necessity of large volume 
measurements of this wholly trabecular bone.** His 
very casual use of the term “odds ratio” suggests that 
he has not actually applied this analysis of relative risk 
to data on the United States mainland. If he has such 
data, it would be appropriate to report them. However, 
the use of multiple skeletal measurement sites is sug- 
gested rather than the limiting of oneself to use of a 
single measurement site. 

Mazess should also be aware that Bayesian analysis 
cannot be employed with continuous variables such as 
bone mineral content and blood pressure.” Therefore 
the term “false negative” is meaningless. By way of 
example, does a patient with a blood pressure level of 
250/180 mm Hg but without a stroke or other com- 
plications represent a false negative test? The answer 
is clearly no, and the same is true for subjects with low 
bone mass who have not yet suffered a fracture. 

In the next to last paragraph of his letter, Mazess 
once again repeats his not-so-artful reanalysis of one 
of our prior publications, in which he misstates that 
“the os calcis was no better than either the distal radius 
or the radius shaft and that all three sites showed a 
high proportion of false negatives.” There is both a 
short response and a long response to that statement. 
The short response is that it is wholly wrong, both sci- 
entifically and: otherwise. It is not proper to deliberately 
misrepresent any investigator's data, neither in a letter 
nor in commercial advertisements, for commercial rea- 
sons. It is also not scientifically correct because the term 
“false negative” and the use of Bayesian analysis are 
inappropriate for bone mineral content measurements. 
A more lengthy explanation illustrating the absurdity 
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Table I. Age-adjusted prevalence rates of 
vertebral osteoporosis (radiographic grades 1, 
2, and 3)* and comparable data for lumbar 
spine bone mineral content 

















Bone 
mineral 

content Distal Proximal Os Lumbar 
quintile | radius% | radius% | calcis% | spine % 





l 89.7 81.2 93.6 98.3 
2 81.5 86.3 83.7 90.9 
3 74.5 73.6 74.4 86.8 
4 59.5 57.3 59.3 71-2 
5 51.9 50.7 52.1] 58.1 


*Distal radius, proximal radius, and os calcis percentages 
were originally published in Yano K, Wasnich RD, Vogl JM, 
Heilbrun LK. Bone mineral measurements among middle- 
aged and elderly Japanese residents in Hawaii. Am J Epide- 
miol 1984;119:751-4. 


of this statement will be published in response to other 
Letters to the Editor.’ As seen in Table I, lumbar spine 
bone mineral content looks exactly like the appendic- 
ular sites when inappropriately analyzed, and using 
Mazess’ reasoning one would be forced to conclude that 
“lumbar spine bone mineral content ts no better than 
any other site, and shows a high proportion of false 
negatives.” 

Based on the multiple reproductions of our data in 
various media, including commercial advertising, it 
would appear that Dr. Mazess, who is the president of 
Lunar Corporation, is attempting to discredit this data 
base. Because this approach is not based on solid sci- 
entific grounds, we are tempted to ignore it. However, 
there are compelling reasons not to ignore it. Foremost 
among these reasons is the 20 years of voluntary par- 
ticipation in this research by nearly 10,000 dedicated 
subjects, in addition to the multiple dedicated investi- 
gators who have produced more than 200 scientific 
publications based on this cohort data base. 

Richard D. Wasnich, M.D. 
Kuakint Medical Center 
347 North Kuakini Street 
Honolulu, Hawai 96817 

John M. Vogel, M.D. 

Department of Radiology 
University of California 
School of Medicine, Davis 
Davis, California 95817 
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. Assessment of fetomaternal hemorrhage with 
Kleihauer-Betke test 


To the Editors: 

We are writing in response to the article by Rose 
et al. entitled “Fetomaternal hemorrhage following 
trauma” (AM J] OBSTET GYNECOL 1985;153:844-7). The 
author recommends use of the Kleihauer-Betke test to 
assess fetomaternal hemorrhage after trauma. They in- 
terpreted a positive Kleihauer-Betke test as evidence 
that a fetomaternal hemorrhage: had occurred. The 
fetus was then closely observed for fetal distress, and 
the Rh-negative mothers were given the appropriate 
dose of Rh-immune globulin. 

An important omission in this paper is the published 
but not widely known fact that in about 25% of preg- 
nancies women themselves produce increased amounts 
of “fetal” hemoglobin, starting at 10 weeks and peaking 
between 16 and 28 weeks,’ Pregnancy is the only phys- 
iologic state in which reactivation of hemoglobin F pro- 
duction occurs in the phenotypically normal adult.’ 

The practice of assessing fetomaternal hemorrhage 
with the Kleihauer-Betke test must therefore be used 
with caution. The false positive rate could be high due 
to the increased maternal production of hémoglobin F. 

In the Rh-negative patients this leaves two options. 
The first is to use a differential agglutination test in 
` which Rh-positive fetal red blood cells are encircled in 
a rosette of Rh-positive indicator red blood cells.* The 
second option is to administer Rh-immune globulin to 
all of the Rh-negative patients with a positive Kleihauer- 
Betke test. i 

We agree in principle that a high index of suspicion 
is necessary in cases of maternal trauma, but merely 
documenting presence of hemoglobin F in the maternal 
circulation ignores the fact that increased maternal pro- 
duction of hemoglobin F does occur, and it does. not 
constitute irrefutable evidence of fetomaternal hem- 
orrhage. . 

i Laura L. Stonehill, M.D. 

John J. LaFerla, M.D. 
Department of Obstetrics and Gynecology 
Wayne State University School of Medicine 
Hutzel Hospital 
4707 St. Antoine 
Detroit, Michigan 48201 


November 1986 
Am J Obstet Gynecol 
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Reply 
To the Editors: 

We agree with the comments of Drs. Stonehill and 
Laferla regarding maternal production of hemoglobin 
F. Although the Kieithauer-Betke analysis will detect 
increased maternal hemoglobin F its stain character- 
istics are quantitatively different.' Our experience 
agrees with others in that maternal cells stain markedly 
lighter and only rarely are confused with fetal cells. 

Ir. our study no Rh-negative patients had an inde- 
terminate Kleihauer-Betke analysis. If there was a ques- 
tion about the accuracy of a Kleihauer-Betke analysis 
in an Rh-negative patient, both the rosetteing test noted 
by Stonehill and Laferla, as well as, a microscopic D* 


' test could be used to confirm an Rh-positive fetal hem- 


orrhage. a-Fetoprotein analysis is a sensitive method of 
detecting fetomaternal hemorrhage and effective for 
both Rh negative and Rh positive fetuses, but requires 
a baseline (preevent) sample unavailable in maternal 
trauma patients.? However, only the Kleihauer-Betke 
analysis gives accurate quantification to determine 
whether more than a single vial of Rh-immune globulin 
should be administered. 
Peter G. Rose, M.D. 
Pat Strohm 
Frederick P. Zuspan, M.D. 
Department of Obstetrics and Gynecology 
The Ohio State University 
Fifth Floor, Means Hail 
1654 Upham Drive 
Columbus, Ohio 43210-1228 
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Caffeine consumption during pregnancy and 
association with late spontaneous abortion 


` To the Editors: 


We read with interest the study by Srisuphan et al. 
entitled “Caffeine consumption during pregnancy and 
association with late spontaneous abortion” (AM J OB- 
STET GYNECOL 1986;154:14-20). Their demographic 
data on use of marijuana, alcohol, cigarettes, and caf- 
feine in predominantly white, educated, professional 
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pregnant women of New Haven is most interesting. 
However, further analysis of data is necessary to estab- 
lish a relationship between caffeine comsumption and 
late spontaneous abortion. The authors have noted the 
correlation between advanced maternal age (31+ 
years) and increased rate of spontaneous abortion in 
their population. Other studies have shown higher 
abortion rates among users of alcohol, cigarettes, and 
other drugs.'"* In this study there is a higher rate of 
heavy caffeine consumers among all the categories 
above. Although the autnors state that the above factors 
“were taken into consideration,” they failed to stratify 
heavy caffeine consumption by the above factors. The 
size and design of this study should allow such statistical 
analysis. 

M. Mark Taslim, M.D.* 

C. Neil Herrick, M.D. 

Department of Obstetrics and Gynecology 
University of Tennessee—Chatianooga 
Suite 508, 960 East Thira Street 
Chattanooga, Tennessee 37403 


*Reprints may be requested from Dr. Taslimi at the above address. 
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Reply 
To the Editors: 

Two criteria must apply for a risk factor to be con- 
sidered as confounding: (1) the factor must be related 
and antecedent to the illness (late spontaneous abortion 
in the present case) but not be part of the causal path- 
way under study, and (2) the crude estimate of effect 
(the relative risk) should differ from an estimate that 
has been adjusted for the confounding factor.’ Only 
maternal age met these criteria in our study. 

When confounding occurs, stratification analysis can 
provide erroneous results and the preferred method 
of analysis is by logistic regression.' Table V in our 
original paper shows the results of the logistic regres- 
sion analysis for maternal age and other variables. The 
relative risk for late spontaneous abortion, after daily 
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caffeine use >150 mg (RR = 1.73, p = 0.03), persists 
after adjustment for maternal age. Additionally, ma- 
ternal age over 30 years remains an independent risk 
factor for late miscarriage (RR = 1.72, p = 0.03). 

The association of cigarette smoking appears to be 
strongest for chromosomally abnormal spontaneous 
abortions’ and therefore those occurring relatively 
early in pregnancy. In our data cigarette smoking was 
unrelated to late spontaneous abortions (p = 0.68). 
Maternal alcohol use has been associated with second- 
trimester miscarriage® and the abortion of chromosom- 
ally normal conceptions.* In our study alcohol use was 
not associated with late miscarriage (p = 0.82), perhaps 
because use was generally very light (only 7.8% of the 
3135 women studied drank >0.25 ounces of absolute 
alcohol daily from all sources, the equivalent of about 
half of one glass of wine daily). Drug use (prescription 
and nonprescription but excluding illicit) is, of course, 
a general control variable, which in our data was also 
unrelated to late spontaneous abortion (p = 0.33), 
thereby precluding any confounding role. 

No single epidemiologic study can definitively dem- 
onstrate the relationship between an environmental 
risk factor and a disease of multifactorial etiology. Con- 
firmation of such relationship requires replication in 
several independent studies, and this is now necessary 
for the caffeine/late miscarriage relationship. It is also 
worth noting that the consistent replication of a rela- 
tionship in different studies is itself necessary, but not 
sufficient, evidence that the relationship is a truly causal 
one. 

Michael B. Bracken, Ph.D. 
Yale University Medical School 
60 College Street 
New Haven, Connecticut 06510 


REFERENCES 


l. Kleinbaum DG, Kupper LL, Morgenstern H. Epidemio- 
logic research. New York, Van Nostrand Reinhold Co. 
1982:244, 443. 

2. Kline J, Stein Z. Spontaneous abortion (miscarriage). In: 
Bracken MB, ed. Perinatal Epidemiology. New York, Ox- 
ford University Press, 1984:23-51. 

3. Harlap S, Shiono P. Alcohol, smoking and incidence of 
spontaneous abortions in the first and second trimester. 
Lancet 1980;2:173-6. 

4. Kline J, Stein Z, Susser M, Warburton D. Environmental 
influences on early reproductive loss in a current New York 
City Study. In Porter IH and Hook EB, eds. Human em- 
bryonic and fetal death. New York, Academic Press, 
1980:225-40. 


ITEMS 





Announcements of major meetings and other significant act.vities must be 
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30th Pan American Conference on Fertility and Ste- 


rility, January 23~—February 1, 1987, Cerro- 
mar Beach Hotel, Dorado Beach, Puerto Rico. 
Sponsored by U.S. International Foundation 
for Studies in Reproduction, Inc., 112-44 69th 
Ave., Forest Hills, NY 11375. Tel.: (718) 544- 
7599. Accreditation: 35 ACOG/AMA/AAFP. 
Contact: Medical Congress Coordinators, 
1212 Sixth Ave., New York, NY 10036. Tel.: 
(212) 840-0110 or (800) 223-5033. 


EUROSON ‘87, the Sixth Congress of the European 


Federation of Societies for Ultrasound in Med- 
icine and Biology, Sunday-Thursday, June 14- 
18, 1987, The Finlandia Hall, Helsinki Fin- 
land. Contact the Congress Bureau, P.O. Box 
824, SF-00101 Helsinki, Finland. 


Tenth Annual Mid-Winter Symposium in OB/GYN, 


1148 


February 25, 26, and 27, 1987, Scottsdale Hil- 
ton Hotel, Scottsdale, Arizona. Co-sponsored 
by the Phoenix OB/GYN Society and the 


Bound volumes available to subscribers 
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Department of Obstetrics and Gynecology, 
Maricopa Medical Center. Ap>zroved for 13 
cognates, Formal Learning, Ly the ACOG. 
Contact: The Secretary, Phoenix OB/GYN So- 
ciety, 3412 N. Fourth Ave., Phoenix, AZ 
85013. Tel.: (602) 241-1917. 


8th Annual Winter Conference in the High Sierras, 


February 22-27, 1987, Caesars Tahoe Hotel, 
Lake Tahoe, Nevada. For other information 
contact: American College of Medical Imag- 
ing, 433 N. Camden Dr. #600. Beverly Hills, 
CA 90210. Tel.: (213) 275-1393. 


Obstetrical Anesthesia: 1987, March 19-22, 1987, Ho- 


tel Meridien, San Francisco, California. Spon- 
sored by the University of California, San 
Francisco, Department of Anesthesia. For fur- 
ther information contact: Aneszhesia Research 
Foundation Registration Office, Attention: 
Mark A. Rosen, M.D., University of California, 
San Francisco, C-450, San Francisco, CA 
94143-0648. Tel.: (415) 476-2273. 
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Anchorage, Alaska 


We are seeking a board certified or eligi- 
ble feto-maternal subspecialist to direct a 
State-wide perinatal program with approx- 
imately 12,000 deliveries per year. Re- 
sponsibilities include; directing an active 
high risk referral, consultative and trans- 
port program; outreach education and pri- 
vate practice. Clinical research in a pri- 
vate practice setting encouraged. Two 
newborn intensive care units presently 
exist in Anchorage, a 38 bed Level Ill, and 
a 18 bed Level Il. Several practice options 
available with guaranteed income. 
Please submit CV to: 


Jack Jacob, M.D. 

Alaska Neonatal/Perinatal Associates 
3340 Providence Drive 
Anchorage, AK 99508 





OBSTETRICIAN- 
GYNECOLOGIST 


24 member multispecialty clinic seeking 
third board certified or eligible OB/GYN 
physician in Bemidji, Minnesota. Excel- 
lent opportunity to join a high quality med- 
ical community in beautiful north woods 
and lake country of Northern Minnesota. 
Office ultrasound and colposcopy avail- 
able. Immediate full clinical practice of in- 
teresting obstetrics and gynecological pa- 
tients. Contact: | 

C.C. Lowery, Administrator 

Bemidji Clinic, Ltd. 
1233 34th Street NW 
Bemidji, Minnesota 56601 
218-751-1280 








GYNECOLOGIC 
ENDOCRINOLOGIST 


Allegheny General Hospital, is a 726-bed 
acute care teaching hospital, located in 
Pittsburgh, PA. We are currently seeking 
a board eligible/board certified individual 
to join a multi-specialty group practice. 
University affiliation and research oppor- 
tunities available. Please send resume 
to: Virginia Opipare, Vice President. 










ALLEGHENY 
GENERAL HOSPITAL 
320 E. North Avenue 

Pittsburgh, PA [5212 





An Equal Opportunity Employer 





OB-GYN 


B.C./B.E. OB-GYN wanted for 3 per- 
son Incorporated, Group Practice in 
coastal Massachusetts. One office- 
one hospital. Well established. Cover- 
age would be one in eight nights. This 
opportunity is difficult to. match. No 
phone calls! Contact by letter, 


Thomas P McCormack, M.D. 
60 Brigham Street 
~ New Bedford, MA 02740 
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BC/BE Obstetricians 


South Texas Community Hospital will 


assist start-up of two Obstetricians. 


Excellent opportunity to assume mul- . 


tiple county practice. Local population 


18,000. Near Gulf Coast. Adjacent -. 
Naval Base.: Other specialty — i 


available. 
Send C. V. to: 


- Richard S. Foster M. D. | 
Luthern Sunburst Health Services 
' 700 South Zarzamora - | 
= Suite 104 
‘San António, TX 78207 — 


Obstetrician- | 
Gynecologist 


needed to join seven person Depart: . . : 
mentin 165 multi-specialty clinic; clinic) | 


and adjacent 288-bed hospital are lo- 
cated in Big 10 University community’ 


of 100,000; teaching positions are ` 
available in medical school for- those - 
with academic inclination: liberal `. 
fringe benefits and salary lead to equal `. 


ownership. Write including CV to: 
Executive Vice-Chairman 
Carle Clinic’ 
Urbana, IL 61801 





-OB/GYN S 


Hiin. California 
and Guam 


FHP is aleading HMO that has specialized in 


‘ quality, prepaid health care for over 25 years. 


The recent opening of our 128-bed hospitalin. . 
.Fountain Valley, coupled with continued 


- growth and expansion, has created career 
. opportunities for Ob/Gyns in Southern 


California and Guam. Board certification/ 
eligibility í is required for all positions. 


-Asa physician with FHP, you'll enjoy a highly 


competitive salary and a comprehensive 
range of benefits that include complete 


` malpractice coverage, scheduled work hours, 
-` generous paid vacation and an excellent 


retirement plan. For further details, please 
contact Professional Staffing at (800) 446-2255, 
or (800) 336-2255 within California. 


Professianal Staffing . 
Cc H pP 9900 Talkert Ave., Dept. 15 
Fountain Valley, CA 92708 


HIGH DESERT MEDICAL GROUP 
~ 1669 West Avenue “J” 
Lancaster, Ca 93534 
=- (805) 945-5984 


- |E . Two-BC/BE OB/GYN wanted immedi- 


ately for an expanding multi-specialty 
group/ HMO in the Antelops Valley/High 
Desert of Southern California. Opportu- 
nity to work with Ultrasound/Fetal Moni- 
tor/Laser Surgery. Excellent compensa- 
tion and professional opportunities. Send 


- CV and references to: 


Medical Director | 
High Desert Medical Group 
1669 W. Ave J 
- -Lancaster, Ca 93534 
(805) 945-5984 


POSITION AVAILABLE 


' Obstetrics and gynecology reproductive 
endocrinologist position available in a 
530-bed university- -affiliated hospital in 
the midwest. Board eligible/certified in re- 
productive endocrinology. University fac- 


ulty appointment. Excellent opportunity 
for research and development of a com- 
prehensive evaluation and treatment pro- 
gram. Send C.V. to: 


` John Jones 
Medical Program, Administer 
One Hurley Plaza 
Flint, MI 48502 





OBSTETRICIAN/ 
GYNECOLOGIST 
B/E, B/C addition to two OB-GYN and 
one OB-GYN oriented FNP in a rapid 
growth area in California’s Central Valley. 
Position offers competitive compensation 
and benefits. Excellent opportunity for 
female OB-GYN. Easy access to various 
social, cultural, recreational and sport ac- 
tivities: San Francisco, Carmel, Monterey, 
Yosemite, Lake Tahoe, Sierras. 
Forward C.V. and References to: 
Lillian Shumate, M.D... 
Modesto Obstetrics & 
Gynecology Medical Group, Inc. » 
803 Coffee Rd. 
Modesto, California 95355 





reat 


|: . has openings for the following full-time 








Michael Reese Health Plan 


AV A LARGE HOSPITAL-BASED HMO 


- Obstetrician 
Gynecologist 


- THE MICHAEL REESE HEALTH PLAN, 
a well- established and rapidiy-expanding, 
federally-qualified HMO seeks Board Cer- 
tified/Eligible Obstetrician/Gynecologists. 


THIS POSITION entails both outpatient and 
hospital practice as well as medical students 
and house staff teaching. 


REMUNERATION is high and competitive 
with academic and fee-for-service practice 
markets. Fringe benefits are generous. 


INTERESTED APPLICANTS should send 
Curriculum Vitae in confidence to: 

Dr. Stephen Contro, Medical Director, 
MICHAEL REESE HEALTH PLAN, 
2545 Martin Luther King Drive, 
Chicago 60616 


an equal opportunity employer m/h » 


“MATERNAL/FETAL 
~ MEDICINE 


The Mount Sinai School of Medicine 
New York City 


Full-time faculty appointment at one of NYC’s 


premier teaching hospitals whose perinatal staff 
directs a first-class, high-risk Obstetrical Service 
handling a large volume of complicated pregnan- 
cies and is a national referral center for in-utero 
abnormality detection. Faculty members in this 
busy, academically productive service are active 
in clinical research, subspecialty care, and teach- 
ing of medical students and house staff. This ap- 
pointment provides excellent private practice 
potential and.superb opportunity to join a unit 
making new frontiers in Perinatology. If you are 
board eligible or certified in Maternal/Fetal 
` Medicine, have superior credentials and a de- 
siré to assume leadership in this specialty, 
contact Richard Berkowitz, MD, Chairman 
- and Director of Maternal/ Fetal Medicine, 
Department of Obstetrics, Gynecology 
and Reproductive Medicine, The Mount 
Sinai Medical Center, One Gustave L. 
Levy Place, New York, NY 10029. An 
Equal Opportunity Employer. 
The Mount Sinai 
Medical Center 
A Legacy of Medical 
Excellence 
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OB/GYN 


Northeastern Pennsylvania 


Expanding practice located in close 
proximity to major east coast metro 
areas seeking board certified or eligi- 
ble obstetrician/gynecologist. 

Modern, family-centered obstetric 
facility adjacent to office. Excellent 
salary leading to partnership. 


Please forward CV to: 


Renee Heyden 
P.O. Box 1728 
Kingston, Penna. 18704 


HEAD, DEPARTMENT 
OF OBSTETRICS 
AND GYNECOLOGIST 


Louisiana State University School of Medicine 
Shreveport is accepting applications for the posi- 
tion of Head, Department of Obstetrics and 
Gynecology. The University serves as a tertiary 
referral center for Northern Louisiana. New 
obstetric and gynecology facilities have just been 
completed and include operating and delivery 
rooms, 10 antepartum, 50 postpartum OB beds 
and 30 GYN beds. There is a fully accredited 
residency program. The successful candidate will 
continue development of the department with 
emphasis on research and subspecialty area. 
Affirmative Action/Equal Opportunity Employer 
Applications and nominations should be for- 
warded to: 
John J. Herbst, M.D. 
Chairman Search Committee 
Post Office Box 33932 
Shreveport, La 71130-3932 
Phone: (318) 674-6074 














Southern California 
General Obstetrics 
& Gynecology 
























Outstanding career opportunities for Boarc eligible/ 
certified general Obstetrician/Gynecologists exist at 
our Medical Centers located in various parts of 
Southern California. 


Facilities include fetal monitoring, laparoscopy, 
sonography, colposcopy, etc. We have irternship 
and residency programs as well as univers ty affilia- 
tions. 


Excellent benefits are offered including liability 
coverage, medical and dental coverage, vacation and 
sick leave, continuing education and retirement pro- 
gram. Partnership consideration available after two 
years full time employment. 


Please call (818) 405-3224 for a Physician Applica- 
tion or send your curriculum vitae and the names, 
addresses and telephone numbers of three profes- 
sional references to: 













UZ KAISER PERMANENTE 
lh i) SOUTHERN CALIFORNIA 


PERMANENTE MEDICAL GEOUP 


; W. G. McCormick, M.D. 

c/o Physician Recruitment Dept. 41A 
Physician Recruitment Dept. 

Walnut Center 

Pasadena, CA 91188 


Equal Opportunity Employer 


GYNECOLOGIC 
ONCOLOGIST 


The Department of Obstetrics and Gyne- 
cology, Medical College of Georgia, is 
seeking applicants for a full-time faculty 
position in the Section of Gynecologic 
Oncology. | 


The applicant must be board eligible or 
certified for both general obstetrics and 
gynecology and gynecologic cncology 
and be eligible for Georgia license. 


Academic rank dependent on previous 
experience. Position available July 1, 
1987. Please forward CV to: 

O. Eduardo Talledo, M.D. 
Professor, Obstetric and Gynecology 
Director, Section of Gynecologic 
Oncology 
Medical College of Georgia 
Augusta, Georgia 30912 


Equa! Opportunity/Affirmative Action Emaloyer 


OB/GYN 


PGY-3 Resident Obstetrics and Gynecol- 
ogy—One unanticipated vacancy for July 
1, 1987. Tertiary hospital program in sub- 
urbs of Chicago, affiliated with the Univer- 
sity of Illinois Hospitals. 3800 deliveries, 
1000 gyn majors annually. Active perina- 
tal, reproductive endocrine, and oncology 
sections with ample experience in general 


Ob/Gyn high risk pregnancy, laser and ~ 


microsurgery, radical surgery, radiation 
and chemotherapy. Three-year old pro- 
gram with continuing provisional approval 
for two residents per year. Applicants 
must have completed two years of-post- 
graduate training, with at least 12 months 
in accredited Ob/Gyn residency, and be 
eligible for Illinois Licensure. Contact or 
send C.V. to: | | 
John W. Grover, M.D. 
Chairman, and Program Director 
Division of Obstetrics and Gynecology 
Lutheran General Hospital 
1775 Dempster 
Park Ridge, IL 60068 
_ telephone 312/696-6994 


We Are An Affirmative Action Employer. 





‘CHAIRPERSON, DEPARTMENT OF 
- OBSTETRICS/GYNECOLOGY, 
NEW YORK MEDICAL COLLEGE 


Candidates must have a distinguished re- 
cord of. professional achievement evi- 
denced by publications and grant awards. 
The successful candidate shauld provide 
strong administrative leadership and be 


qualified to represent the department 
within the College and the Community. 


Send C.V. to: 7 a 


Edward Wasserman, M.D. `. 
Chairman, OBS/GYN Search Committee 
Department of Pediatrics 
New York Medical College 
Valhalla, New York 10595. 


New York Medical College isan equal opportunity / affirmative 
action employer. 











. 4 OBSTETRICIAN | 
a -GYNECOLOGIST-IN-CHIEF 
The Mary Imogene Bassett Hospital, a 189-bed, rural 
reterral center, and major teaching affiliate of Columbia 
University, is seeking candidates for this key appointment. 
The chief is responsible for overall clinical and teaching 
programs in Obstetrics and Gynecology. The Service is 
providing. approximately 500 deliveries and about 4300 


- Obstetrical clinic visits yearly. Volume in Gynecology is 
, about 290 admissions and 7800 clinic visits. The depart- 


ment has four attending physicians, rotating transitional 
residents, a certified nurse midwife, a physician's assis- 


„tant, plus substantial nursing, and office staffing. 


Cooperstown, on scenic Lake Otsego about 60 miles 


` west of Albany, enjoys unusual recreational opportunities, 
‘a strong.school system, and an array of cultural and 


artistic activities. The village is known for its air of history, 
museums and resort facilities. 

The medical staff is organized as a salaried group practice 
with full fringe benefits including malpractice coverage, 


generous free time, conference leave, and immediate 


annuity participation. 
Please send curriculum vitae and correspondence to: 
Harlan D. Alpern, M.D. 
= Search Committee Chairman 
The Mary Imogéne Bassett Hospital 
' Cooperstown, New York 13326 
telephone (607) 547-3700 


A 


_ THE MARY IMOGENE _ 
‘BASSETT HOSPITAL 





OB/GYN 


OB/GYN-BC/BE Obstetrician /Gy- 
necologist to replace retiring physi- 
cians. Excellent opportunity to locate 
in Upstate New York. Above average 
income potential and easy access to 
major metropolitan areas and teach- 
ing hospitals. Income guarantees 


and other incentives available. 
Send C.V. to: 
Richard G. Smith 
. Administrator 
. Oneida City Hospitals 
_ 321 Genesee Street 
Oneida, New York 13421 
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PERINATOLOGIST 
_ Board certified/eligible Perinatologist 
for 233-bed teaching hospital serving 
a very high risk population. Residency 
| training in OB/GYN. Close collegial 
. support from Stanford Perinatology 
Section. ‘Extensive maternal-child 
health expansion program under way. 
Compensation very competitive. 

- Submit C.V. and references to: 


. MATERNAL/ 
FETAL MEDICINE © 


OB/GYN PERINATOLOGIST, board certified o or 
eligible, for large perinatal centér in Sari Fran= 
cisco: Large volume high-risk obstetric service; . 
over 3,000 deliveries/year; Genetic Amniocen- 
tesis program; 4 year residency. program ‘in 
Ob/Gyn; 16 staff obstetricians in large’ mul- 
tispecialty group; excellent opportunity for Clini- 
cal practice and research; academic appoint- . 
‘ment available. Excellent starting ay arid 


fringe benefits. >` 


Send ‘inquiry and C.V. to: : 
Be ot Ira: Golditch, M. D. 
= Chief, Department of Ob-Gyn 
Kaiser Permanente Medical: Center.’ 
| 2200 O'Farrell Street. 
San Francisco, CA94115 «25 


or call (415) 929-4845 


PARTNER WANTED | 


Looking for an industrious ‘and progressive. 
person to join busy practice in New Jersey. All . 
current modalities, expanding population’ -~ 


base dnd tertiary care facility with medical 


school residency program, as well'as an over-. 


flow of patients in a high quality. practice. | 


Ownership available with parity. No üp ani 


cash required. We need and wänt yòu now, 
but are willing to wait no loriger than July, 
1987. Excellent benefit’ package, ‘including 


paid malpractice: Delightful suburban envi-? |. 
ronment and a happy practice with a moti-- - 
vated staff. Serd C.V. and a letter telling us. 
what you need to make you happy. All ieee 


are confidential, Reply to:. 
' Milton D. Schwartz, M. D., P.A. 
281 Summerhill Road , 
East Brunswick, N.J. 08816 | 
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J. D. Kortzeborn, M.D., FAAP 
Medical Director 
San Joaquin General Hospital 
| PO. Box 1020 
_ Stockton, CA 95201 
- (209) 982-1800, Ext. 3052 


an EOE 


OB- GYN 


E Certified/Board Eligible OB- 
GYN physician sought for a college 


aie community located in the Lake/Moun- 
| ‘tain Region of Central New Hamp- 


shire: 
The A has a fully accredited 


J.C.A.H. facility that has recently com- 


pletedan extensive building program. 
This is an opportunity to join a young, 
aggressive medical staff with possibili- 
ties of a Dartmouth/Hitchcock affilia- 
tion. Interested parties should contact: 
David L. Pearse, Administrator 
Sceva Speare Memorial Hospital 
Two Hospital Road 
- Plymouth, NH 03264 
(603) 536-1120, ext. 230 


MATERNAL-FETAL MEDICINE 


(Board eligible or Certified) 


600 Bed University-affiliated Level III Hospital 
with 3,000 deliveries, year, 24-hour in-house 
anesthesiology and neonatology/large NICU, 
active maternal transfer service, perinatal out- 
reach programs, and fully-approved OB/GYN 
residency program has immediate opening for 


a full-time position in perinatology. Duties to 
include residency teaching, maternal transfer 
cars, and private practice incentive. Competi- 
tive guaranteed salary plus incentive. Excel- . 
lent public school system, housing, and Lake 


ot. Clair in very close proximity. 


CALL COLLECT: 313-343-3495 
SAINT JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, M! 48236 





FACULTY POSITION 
DEPARTMENT OF OBSTETRICS 
AND GYNECOLOGY 
STATE UNIVERSITY OF NEW YORK, 
HEALTH SCIENCE CENTER AT 
SYRACUSE 


OBSTETRICIAN/GYNECOLOGIST 


A full-time position is available as a member of the 
Obstetrics and Gynecology faculty. This job will 
incluce teaching resident staff and medical stu- 
dents: supervising Obstetrical and Gynecological 
clinics; working in the Operating Rooms; conduct- 
ing rounds. Additionally, the position encompasses 
conducting formal didactic conferences and engag- 
ing in research opportunities. 


Salary is highly competitive and includes an excel- 
lent fringe package and incentive practice program. 
Send inquiries and curriculum vitae to: 
Michael S. Baggish, M.D. 
Professor and Chairman 
Department of Obstetrics and Gynecology 
SUNY, Health Science Center at Syracuse 
736 Irving Avenue 
Suite 308 West Tower 
Syracuse, NY 13210 
SUNY, HSC is an equal opportunity employer. 


















Obstetrician] 
Gynecologist 

Vice Chairman 
Department of Obstetrics and Gynecology 


St. Peters Medical Center, teaching afiliate 
T UMDNJ-Robert Wood Johnson Medical 


chool, is seeking an Obstetrician/Gynecologist 
‘a assist the Chairman in teaching of residents 
and staff, research and administrative activities. 
Academic interest, subspecialty and administra- 
tive capability desired, but not a must. Excellent 
salary and fringe benefits. 


The Medical Center is a Level Ill Tertiary Perinatal 
Center and has a very active gynecology ser- 
vice. Itis located about 30 miles from NYC and is 
near Rutgers University. 


Please reply to: Jahangir Ayromioci, M.D., 

Professor of Obstetrics and Gynecology, 
UMDNJ-Robert Wood Johnson Medical Schoo! 
and Chairman, Department of Obstetrics and 
Gynecology, St. Peter's Medical Center, 254 
Easton Avenue, New Brunswick, NJ 08901. An 
Equal Opportunity Employer M/F. 


PETE 


Cr ST. PETER'S 


jz MEDICAL 
CENTER 


People Who Care. 


Full Time 
Faculty Position 
Maternal-Fetal Medicine 


The department of OB/GYN at Temple University 
Health Science Center is seeking a Board Cer- 
tified/Board Eligible Perinatologist. Clinical and 
academic activities are integrated in a depart- 
ment providing tertiary services, including 
genetic counseling. Newly opened Temple 
University Hospital houses a modern Labor & 
Delivery suite and large Neonatal Intensive Care 
unit. Approved Fellowship program. Candidates 
should have an active interest in Research, 
Clinical Practice, and Resident and Medical stu- 
dent education. Salary and academic rank com- 
mensurate with experience. Opportunity for 
qualified person to become Section Chief. Sub- 
mit CN. to: 


P. Hanjani, M.D., Professor, OB/GYN 


Temple University 
Health Science Center 
3401 N. Broad St. 
Philadelphia, PA 19140 


An equal opportunity, 
affirmative action employer 









327 Beach 19 Street, Far Rockaway, New York 11691 


` ATTENDING PHYSICIANS 


OBSTETRICS AND GYNECOLOGY - 


Full Time positions available in attractive new ~ 


300 Bed regional teaching hospital, located on 
Queens/Nassau border, Long Island, New 


York. Approved residency program setting. - 
Competitive Saary ee on Maitea i 


tions. 


Submit C.V. to: 
Snehanshu Ghosh, M. D: 


. Chairman 
- Department of Obstetrics and Gynecology 
St. John’s Episcopal Hospital- 
South Shore Division 
. 327 Beach 19th Street 
Far Rockaway, New York 11691 


a 
ST. JOHNS EPISCOPAL HOSPITAL 


an equal opportunity employer 





Christian County Medical Clinic is seeking a 
second obstetrician to join a growing.group ` 
practice in Central illinois. Our 16 member and 
associate positions provide a broad range of 
medical.and surgical services to several rural 
communities ranging in size from 1200 to 12, 000 
people. 


We are seeking an energetic practitioner to join 
an established practice-in Obstetrics and 
Gynecology. Generous assistance will be. 
provided and relocation and practice initiation. 


Qualified applicants may contact: 


Mary. Weed, Administrator - 
CHRISTIAN COUNTY MEDICAL. CLINIC 
600 North Main . 

Taylorville, Illinois 62568 


Equal Opportunity Employer ` 








SOUTH SHORE 





PERINATOLOGIST 


| ST.LUKE'S HOSPITAL of Kansas City is a modern 
686-bed health care facility and is considered one 
-of the most prestigious teaching hospitals in the 
Midwest. At this time we have an opportunity for 
a qualified Perinatologist to become a significant 
addition to our growing Level IH Perinatology Unit. 


We are also iri an excellent position to encourage 
. your research efforts. If you are interested in ultra- 


© sound, antenatal diagnosis, and maternal 


transport and want to become an integral part of 
our plans for continuing development and expan- 
sion, please send your curriculum vitae, in con- 

_ fidence, to: Rosann North, Employment 
Manager, Human Resources Department, St. 
Luke’s Hospital of K.C., 44th and Wornall Rd., 
Kansas City, MO 64111. 


“The Presence of Care” 


ar ST. LUKE'S HOSPITAL 
+ A) OF KANSAS CITY 






An Equal Opportunity Employer M/F 


 PERINATOLOGIST 


A position in Maternal/Fetal Medicine is 
available at Texas Tech University Health 
Science Center in Lubbock; Texas. This is 
a full time faculty position for Board eligi- 
ble or certified practitioner. Excellent op- 
portunity for active clinical service for di- 
rect patient care, resident and medical 
student teaching and research. Excellent 
salary in accordance with experience for 
appropriate individual. Growing fringe 

_ benefits program. Interested persons con- 
tact: : 

“ M. Wayne Heine, M. D., Chairman 

l TTUHSC 
Department of Obstetrics-Gynecology 
Lubbock, Texas 79430 


PACIFIC NORTHWEST 


Practice high-risk 

Obstetrics 

using latest technology ` 
as part of 

a leading multi-specialty 

clinic. 

Enjoy Pacific Northwest 

lifestyle. 
Prime urban location 


MALPRACTICE COVERAGE 
PROVIDED 


SALARY GUARANTEE 


Contact: 
_ The Friedrich Group, Inc. 
9284 Ferncliff Northeast 
Bainbridge Island, WA 98110 
(206) 527-3141 or 
(206) 842-5248 


FACULTY POSITION 


The Department of Obstetrics and Gynecology at 
the University of Tennessee Memorial Research 
Center and Hospital, Knoxville, Tennessee is cur- 
rently accepting applications for a second 
Maternal-Fetal Medicine specialist. 


This position requires Board certification or eligibil- 


ity in Maternal Fetal Medicine. Responsibilities in-. 


clude: resident and medical student education, par- 
ticipation in Regionalization program, and clinical 
or basic research. 

Specialized areas of interest such as: critical care; 
ultrasonography and doppler studies, and prenatal 
diagnosis are encouraged. A private practice op- 
portunity is available. 

Academic rank is commensurate with qualifications 
and experience. 

Interested persons should send curriculum vitae to: 


Bruce E. Walker, M.D. 

Interim Chairman 

University of Tennessee Memorial Research 
Center and Hospital 
1924 Alcoa Highway U-38 
Knoxville, Tennessee 37920 

(615) 544-9305 

An Affirmative Action/Title [X/Section 504 Employer 


DIRECTOR OF REPRODUCTIVE 
ENDOCRINOLOGY 


The Union Memorial Hospital, Department of 
Gynecology and Obstetrics, is seeking a 
Board Certified Obstetrician-Gynecologist/ 
Reproductive Endocrinologist as Director of 
our Division of Reproductive Endocrinology 
and In Vitro Fertilization program. 

There is currently two thousand square foot 
equipped endocrine laboratory space. The 
position requires one-third research, one-third 
education, and one-third private practice. Sal- 
ary and academic appointment are negoti- 
able. Interested parties please submit cur- 
riculum vitae: - 

Clifford R. Wheeless, Jr., M.D. 
Department Gynecology and Obstetrics 
The Union Memorial Hospital 
201 E. University Parkway 
Baltimore, Maryland 21218 


FELLOWSHIP POSITIONS 
MATERNAL FETAL MEDICINE 
UNIVERSITY OF TENNESSEE 

MEMPHIS, TENNESSEE 


Opening for first year positions in ap- 
proved fellowship program. Large high- 
risk obstetrical service. Division staff in- 
cludes 6 subspecialists active in clinical 
and basic science research. Applicant 
must be board eligible. 

Please forward CV to: 

Baha M. Sibai, M.D. 
Department of Obstetrics and 
Gynecology 
University of Tennessee, Memphis 
800 Madison Avenue 
Memphis. TN 38163 





67A 


OBSTETRICIAN- 
GYNECOLOGIST 


Position available with The Permanente. 
Medical Group, Inc., San Jose, California: 
Young, dynamic ard growing Department 
offers the right person excellent clinical 
experience. Competitive salary, outstand- 
ing benefits, excellent professional envi- - 


ronment. Superb.cultural and recreational E 


activities. Contact: 
Jerry Nehemiah, M. D. 
Chief of OB/GYN 


The Permanente Medical Group, Inc.© _ 


"260 International Circle 
_ San.Jose, California 95119 `° 








Obstetrics/ " 
‘Gynecologist — 


Worcester City Hospital’ 
| a major affiliate a 
of the University of Massachusetts ©’. 
Medical Center, 








is currently seeking a Board Gertified/Eligible 3 


OB/Gynecologist 
: to establish a busy practice, 
_ with wide referral base anda... 
busy Outpatient Clinic. Excellent Hospital 
Facilities and Benefits. 


Piease send Curriculum Vitae and | 
references to: 


‘Robert A. Johnson, 
AINNIS ATON i 


WORCESTER 
CITY HOSPITAL 


26 Queen Street 
Worcester, MA 01610 


‘An Equal Opportunity/ ° 
Affirmative Action Employer 
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OB) GYN 


Board Certified or eligible OB/GYN 
sought to join practice of 1 OB/GYN, lo- 


- cated on the south west coast of Florida. 

-Excellent salary, health & dental insur- 
„= ance. Malpractice insurance paid. Con- 
tact: 


Vittorio Torrisi, M.D.PRA. 
2400 Harbor Blvd., Suite 11 
Port Charlotte, FL 33952 

_ or call (813) 627-4555 


PACIFIC NORTHWEST 





OPPORTUNITIES FOR | 
<- . OB/GYN 


1) Urban women's private group prac- 
tice with hospital . support, income 
guarantee, malpractice and benefit 
package. - T. 


2) Full spectrum of OB/GYN, including 
high risk. Busy, urban multispecialty 


` clinic with income guarantee, malprac- 


tice and benefits. 


How can these practices meet your per- 
sonal and professional goals? Send C.V. 
or call: 


The Friedrich Group, Inc. 

. 9284 Ferncliff NE 
Bainbridge island, WA 98110 
(206) 842-5248 or 
(206) 527-3141 






PERSONALIZED 
LIBRARY CASES 


Protect your personal copies of 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 


in custom made, titled library cases. 


Constructed of durable, reinforced binder’s board 
covered in a rich simulated leather, each is designed to 
hold an entire year’s issues, The Journal name is 
stamped in gold leaf, making the cases attractive 
additions to any decor, whether on your bookshelf, 
desk or any location in your home or office. 


Only $7.95 each: 3 for $21.95; 6 for $39.95, and $1 
per unit postage and handling ($2.50 per unit outside 
the U.S.A.). U.S. funds only. 


To charge your order using American Express, Visa, 
MasterCard or Diners Cub, call toll-free: 
1-800-972-5858. . i 






SEATTLE GROUP PRACTICE 

































Fast growing women’s OB/GYN 
group practice 


Associated with a major Seattle medical 
center. Salary, malpractice and expensės 
covered. Practice structured to support 
personal as well as professional goals. 
High-quality medical community. New de- 
livery facilities, strong Family Practice 
Residency and Department. 


For information: 
Please send me Ibrory cases for 
AMERICAN JOURNAL OF OBSTETRICS 
AND GYNECOLOGY 
at $7.95 each: 3 for $21.95; 6 for $39.95, and $1 per unit 
postage and handling ($2.50 per unit outside the U.S.A). 


Name 


Address 
(no P.C. baxes, please) Jasse Jones Industries 
City/State/Zip... 499 East Erle Avenue 


Philadelphia, PA 19134 
PA residents add 6% sales tax arin te Code: Mosby 


The Friedrich Group, Inc. 

_ 9284 Ferncliff Northeast. 
Bainbridge Island, WA 98110 
(206) 842-5248 
(206) 527-3141 


(please print lagibly or type) 
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(norethindrone /ethinyl estradiol 


Each white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each light peach tablet contains 0.75 mg 
norethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg norethindrone and 0.035 mg ethinyl 
estradiol. Each green tablet in 28-day regimen contains inert ingredients 


IMPORTANT NOTE—This information is a BRIEF SUMMARY of the complete Lear information provided with the 
product and therefore should not be used as the basis for prescri the product. This summary was prepared by 
deleting from the complete prescribing information certain text, and references. The physician Id be 
thoroughly familiar with the complete prescribing information before prescribing the product. 


INDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

DOSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a positive 
association Detween the dose of estrogens in oral contraceptives and the risk of thromboembolism. For this reason, itis 
prudent and in keeping with good principles of therapeutics to minimize exposure to estrogen. The oral contraceptive 
product prescribed for any given patient should be that product which contains the least amount of estrogen that is 
compatible with an acceptable pregnancy rate anc patient acceptance. It is recommended that new acceptors of oral 
fay tl be started on preparations containing .05 mg or less of estrogen. 

INDICATIONS: Oral contraceptives should not be used in women with any of the following conditions: 1 
Thrombophiebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromboembolic 
disorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or 
suspected estrogen-dependent neoplasia. 6. Undiagnosed, abnormal genital bleeding. 7. Oral contraceptive tablets may 
cause fetal harm when administered to a pregnant woman. Oral contraceptive tablets are contraindicated in women who 
are pregnant. If the patient becomes pregnant while taking this drug. the patient should be apprised of the potential hazard 
to the fetus (see WARNINGS, No. 5). 8. Benign or malignant liver tumor which developed during the use of oral 
contraceptives or other estrogen-containing products 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk 
increases with age and with heavy smoking (15 or more cigarettes per aay) and is quite marked in women over 35 
pe of age. Women who use oral contraceptives should be strong not to smoke. 

he use of oral contraceptives is associated with increased of several serious conditions including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practi- 
tioners prescribing oral contraceptives should be familiar with the following information relating to these risks. 


1. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic and 
thrombotic disease associated with the use of oral contraceptives is well established. Four principal studies in Great 
Britain and three in the United States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism 
and stroke, both hemorrhagic and thrombotic. These studies estimate that users of oral contraceptives are 4 to 11 times 
more likely than nonusers to develop these diseases without evident cause. Overall excess mortality due to pulmonary 
embolism or stroke is on the order of 1.0 to 35 deaths annually per 100,000 users and increases with age. 
CEREBROVASCULAR DISORDERS: In a collaborative American study of cerebrovascular disorders in women with and 
without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than in 
nonusers and the risk of thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. A prospective study 
conducted in Great Britain estimated that former users have a risk for all cerebrovascular disease 2.6 times greater than 
that of nonusers. This risk remained elevated for at least six years after last oral contraceptive use. A prospective study 
conducted in the United States found that past use of oral contraceptives was associated with increased risk of 
subarachnoid hemorrhage, the relative risk being 5.3. There was also some evidence from this study that the degree of risk 
may be related to duration of oral contraceptive use. MYOCARDIAL INFARCTION: An increased risk of myocardial 
infarction associated with the use of oral contraceptives has been reported confirming a previously suspected 
association. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, 
diabetes, history of preeclamptic toxemia), the higher the risk of developing myocardial infarction, regardless of whether 
the patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a clear additional risk 
factor. The annual excess case rate (increased risk) of myocardial infarction (fatal and nonfatal) in oral contraceptive 
users was estimated to be approximately 7 cases per 100,000 women users in the 30-39 age group and 67 cases per 
100,000 women users in the 40-44 age group. In terms of relative risk, it has been estimated that oral contraceptive users 
who do not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as 
likely to have a fatal myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are also smokers 
have about a 5-fold increased risk of fatal infarction compared to users who do not smoke, but about a 10- to 12-fold 
increased risk compared to nonusers who do not smoke. Furthermore, the amount of smoking is also an important factor 
In determining the importance of these relative risks, however, the baseline rates for various age groups must be given 
serious consideration. The importance of other predisposing conditions mentioned above in determining relative and 
absolute risks has not as yet been quantified: it is quite likely that the same synergistic action exists, but perhaps to a 
lesser extent. A study suggests that some increased risk of myocardial infarction in oral contraceptive users persists 
following discontinuation of oral contraceptives and that the degree of the residual risk is related to the duration of the 
past use. Risk of Dose: In an analysis of data derived trom several national adverse reaction reporting systems, British 
investigators concluded that the risk of thromboembolism including coronary thrombosis is directly related to the dose of 
ibs i used in oral contraceptives. Preparations containing 100 mcg or more of estrogen were associated with a higher 
risk of thromboembolism than those containing 50-80 mcg of estrogen. Their analysis did suggest, however. that the 
quantity of estrogen may not be the sole factor involved. This finding has been confirmed in the United States. Careful 
epidemiological studies to determine the degree of thromboembolic risk associated with progestogen-only oral 
contraceptives have not been performed. Cases of thromboembolic disease have been reported in women using these 
products, and they should not be presumed to be free of excess risk. The risk of thromboembolic and thrombotic 
disorders, in both users and nonusers of oral contraceptives, increases with age. Oral contraceptives are, however, an 
independent risk factor for these events. ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A large 
prospective study carried out in the United Kingdom estimated the mortality rate per 100,000 women per year from 
diseases of the circulatory system for users and nonusers of oral contraceptives according to age, smoking habits, and 
duration of use. The overall excess death rate annually from circulatory diseases for oral contraceptive users was 
estimated to be 20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000; ages 45-49—140/100,000), the risk 
being concentrated in older women, in those with a long duration of use, and in cigarette smokers. It was not possible, 
however, to examine the interrelationships of age, smoking, and duration of use. nor to compare the effects of continuous 
versus intermittent use. Although the study showed a 10-fold increase in death due to circulatory diseases in users for 
five or more years, all of these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
continuous use for five or more years are available, it is not possible to assess the magnitude of the relative risk for this 
younger age group. This study reports that the increased risk of circulatory disease mortality may persist after the pill is 
discontinued. Another study published at the same time confirms a previously reported increase of mortality in pill users 
from cardiovascular disease. The study concluded that the mortality associated with all methods of birth control is low 
and below that associated with childbirth, with the exception of oral contraceptives in women over 40 who smoke. (The 
rates given for pill only/smokers for each age group are for smokers as a class. For “heavy” smokers [more than 15 
cigarettes a day], the rates.given would be about double; for “light” smokers [less than 15 cigarettes a day}, about 50 
percent.) The mortality associated with oral contraceptive use in nonsmokers over 40 is higher than with any other 
method of contraception in that age group. The lowest mortality is associated with the condom or diaphragm backed up 
by early abortion. The risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
age after approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterole- 
mia, obesity, diabetes, or history of preeclamptic toxemia and especially by cigarette smoking. The risk of myocardial 
infarction in oral contraceptive users is substantially increased in women age 40 and over, especially those with other risk 
factors. The physician and the patient should be alert to the earliest manifestations of thromboembolic and thrombotic 
disorders (e.g., thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal 
thrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
immediately. A four- to six-fold increased risk of postsurgery thromboembolic complications has been reported in oral 
contraceptive users. If feasible, oral contraceptives should be discontinued at least four weeks before surgery of a type 
associated with an increased risk of thromboembolism or prolonged immobilization. 2. OCULAR LESIONS. There have 
been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the use of oral 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual, partial or complete 
loss of vision, onset of proptosis or diplopia; papilledema_ or retinal vascular lesions and institute appropriate diagnostic 
and therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either natural or synthetic estrogen 
in certain animal species increases the frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic 
progestogens, none currently contained in oral contraceptives, have been noted to increase the incidence of mammary 
nodules, benign and malignant, in dogs. In humans, three case control studies have reported an increased risk of 
endometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women. One 
publication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
endometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing risk factors 
for adenocarcinoma of the endometrium (e.g., irregular bleeding at the time oral contraceptives were first given, 
polycystic ovaries), nearly all occurred in women who had used a sequential oral contraceptive. These products are no 
longer marketed. No evidence has been reported suggesting an increased risk of endometrial cancer in users of 
conventional combination or progestogen-only oral contraceptives. Several studies have found no increases in breast 
cancer in women taking oral contraceptives or estrogens. One study, however, while also noting no overall increased risk 
of breast cancer in women treated with oral contraceptives, found an excess risk in the subgroups of oral contraceptive 
users with documented benign breast disease. A reduced occurrence of benign breast tumors in users of oral 
contraceptives has deen well-documented. In summary, there is at present no confirmed evidence from human studies of 
an increased risk of cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
contraceptives is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, 
appropriate diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
cancer or whd have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with particular 
care if they elect to use oral contraceptives instead of other methods of contraception. 4. HEPATIC TUMORS. Benign 
hepatic adenomas have been found to be associated with the use of oral contraceptives. One study showed that oral 
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contraceptive formulations with high hormonal potency were associated with a higher risk than lower potency 
formulations and use of oral contraceptives with high hormonal potency and age over 30 years may further increase the 
woman's risk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause death through 
intra-abdominal hemorrhage. This has been reported in short-term as well as long-term users of oral contraceptives. Two 
studies relate risk with duration of use of the contraceptive, the risk being much greater after four or more years of oral 
contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain 
and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women takin 
oral contraceptives. The relationship of these drugs to this type of malignancy is not known at this time. 5. USE INO 
IMMEDIATELY PRECEDING PREGNANCY. BIRTH DEFECTS IN OFFSPRING” AND MALIGNANCY IN FEMALE OFFSPRING 
The use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have 
an increased risk of developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk 
has been estimated to be on the order of 1 to 4 in 1000 exposures. Although there is no evidence at the present time that 
oral contraceptives further enhance the risk of developing this type of malignancy, such patients should be monitored 
with particular care if they elect to use oral contraceptives instead of other methods of contraception. Furthermore, a high 
percentage of such exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. 
Although these changes are histologically benign, it is not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar data are not 
available with the use of other estrogens, it cannot be presumed that they would not induce similar changes. An increased 
risk of congenital anomalies, including heart defects and limb defects, has been reported with the use of sex hormones, 
including oral contraceptives, in pregnancy. One case contro! study has estimated a 4.7-fold increase in risk of 
limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, hormonal! withdrawal tests for 
pregnancy or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a 
few days of treatment. The data suggest that the risk of limb-reduction detects in exposed fetuses is somewhat less than 
one in 1000 live births. In the past, female sex hormones have been used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well-controlled studies that progestogens are etfective for these uses. There is some evidence 
that triploidy and possibly other types of polyploidy are increased among abortuses from women who become pregnant 
soon after ceasing oral contraceptives. Embryos with these anomalies are virtually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping oral 
contraceptives is unknown. It is recommended that for any patient who hes missed two consecutive periods, pregnancy 
should be ruled out before continuing the contraceptive regimen. If the patient has not adhered to the prescribed schedule, 
the possibility of pregnancy should be considered at the time of the first missed period (or after 45 days from the last 
menstrual period if the progestogen-only oral contraceptives are used), and further use of oral contraceptives should be 
withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential 
risks to the fetus and the advisability of continuation of the pregnancy should be discussed in the light of these risks. It is 
also recommended that women who discontinue oral contraceptives with the intent of becoming pregnant use an 
alternate form of contraception for a period of time before attempting tc conceive. Many clinicians recommend three 
months although no precise information is available on which to base this recommendation. The administration of 
progestogen-only or progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of 
pregnancy. 6. GALLBLADDER DISEASE. Studies report an increased risk of surgically confirmed gallbladder disease in 
users of oral contraceptives and estrogens. In one study, an increased risk appeared after two years of use and doubled 
after four or five years of use. In one of the other studies, an increased risk was apparent between six and twelve months 
of use. 7 CARBOHYDRATE AND LIPID METABOLIC EFFECTS. A decrease in glucose tolerance has been observed in a 
significant percentage of patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be 
carefully observed while receiving oral contraceptives. An increase in triglycerides and total phospholipids has been 
observed in patients receiving oral contraceptives. The clinical significance of this finding remains to be defined. 8 
ELEVATED BLOOD PRESSURE. An increase in blood pressure has been reported in patients receiving oral contraceptives. 
In some women hypertension may occur within afew months of beginning oral contraceptive use. In the first year of use, 
the prevalence of women with hypertension is low in users and may be no higher than that of a comparable group of 
nonusers, The prevalence in users increases, however, with longer exposure, and in the fifth year of use is two and a half to 
three times the reported prevalence in the first year. Age is also strongly correlated with the development of hypertension 
in oral contraceptive users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given oral contraceptives. Hypertension that develops as a result of taking oral 
contraceptives usually returns to normal after discontinuing the drug. 9 HEADACHE. The onset or exacerbation of 
migraine or development of headache of a new pattern which is recurrent, persistent, or severe, requires discontinuation 
of oral contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleeding, spotting, and 
amenorrhea are frequent reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all cases 
of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an oral contraceptive with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should 
be done only if necessary since this may increase the risk of thromboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a tendency to remain 
anovulatory or to become amenorrheic after discontinuation of ora! contraceptives. Women with these preexisting 
problems should be advised of this possibility and encouraged to use other contraceptive methods. Postuse anovulation, 
possibly prolonged, may also occur in women without previous irregularities. 11. ECTOPIC PREGNANCY Ectopic as well 
as intrauterine pregnancy may occur in contraceptive failures. 12. BREAST FEEDING. Oral contraceptives given in the 
postpartum period may interfere with lactation. There may be a decrease ir the quantity and quality of the breast milk 
Furthermore, a small fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the Dreast-fed child have not deen determined. If feasible, the use of oral 
contraceptives should be deferred until the infant has been weaned. PRECAUTIONS: General: 1. A complete medical and 
family history should be taken prior to the initiation of oral contraceptives. The pretreatment and periodic physical 
examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, including 
Papanicolaou smear and relevant laboratory tests. As a general rule, oral contraceptives should not be prescribed for 
longer than one year without another physical examination being performed. 2. Under the influence of estrogen-proges- 
togen preparations, preexisting uterine leiomyomata may increase in size. 3. Patients with a history of psychic depression 
should be carefully observed and the drug discontinued if depression recurs to a serious degree. Patients becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt to determine whether the symptom is drug-related. 4. Oral contraceptives may cause some 
degree of fluid retention. They should be prescribed with caution, and only with careful monitoring, in patients with 
conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or 
cardiac or renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice while receiving oral contraceptive therapy. If jaundice develops in any patient receiving such drugs, 
the medication shouid be discontinued. 6. Steroid hormones may be poorly metabolized in patients with impaired liver 
function and should be administered with caution in such patients. 7 Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical significance of this is yet 
to be determined. 8. Serum folate levels may be depressed by oral contraceptive therapy. Since the pregnant woman is 
predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing 
gestation, it is possible that if a woman becomes pregnant shortly after stopping oral contraceptives, she may have a 
greater chance of developing folate deficiency and complications attributed to this deficiency. 9. The pathologist should 
be advised of oral contraceptive therapy when relevant specimens are submitted. 10. Certain endocrine and liver function 
tests and blood components may be affected by estrogen-containing oral contraceptives: a. Increased sulfobromo- 
phthalein retention. b. Increased prothrombin and factors VII, Vill, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased pregnanedio! 
excretion. e. Reduced response to metyrapone test. INFORMATION FOR THE PATIENT: (See Patient Package pst 
DRUG INTERACTIONS: Reduced efficacy and increased incidence of breakthrough bleeding have been associated wit 
concomitant use of rifampin. A similar association has been pe with barbiturates, phenylbutazone, phenytoin 
sodium, ampicillin, griseofulvin, and tetracycline. CARCINOGENESIS, PREGNANCY, NURSING MOTHERS: See CON- 
TRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An increased risk of the following Serious adverse reactions 
has been associated with the use of oral contraceptives (see WARNINGS): Thrombophlebitis. Pulmonary embolism. 
Coronary thrombosis. Cerebral thrombosis. Cerebral hemorrhage. Hypertersion. Gallbladder disease. Liver tumors. 
Congenital anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: Mesenteric thrombosis. Neuro-ocular lesions, e.g., 
retinal thrombosis and optic neuritis. The following adverse reactions have been reported in patients receiving oral 
contraceptives and are believed to be drug-related: Nausea, usually the most common adverse reaction. Vomiting, occurs 
in approximately 10% or less of patients during the first cycle Other reactions, as a general rule, are seen much less 
frequently or only occasionally. Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding. Spotting. Change in menstrual flow. Dysmenorrhea. Amenorrhea during and after treatment. Temporary 
infertility after discontinuance of treatment. Edema. Chloasma or melasma which may persist. Breast changes: 
tenderness, enlargement, and secretion. Change in weight (increase or decrease). Change in cervical erosion and cervical 
secretion. Possible diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. Increase 
in size of uterine leiomyomata. Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal 
candidiasis. Change in corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions 
have been reported in users of oral contraceptives, and the association has been neither confirmed nor refuted: 
Premenstrual-like syndrome. Cataracts. Changes in libido. Chorea. Changes in appetite. Cystitis-like syndrome. 
Headache Nervousness. Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemor- 
rhagic eruption. Vaginitis. Porphyria. Impaired renal function. Hemolytic uremic syndrome. OVERDOSAGE: Serious ill 
effects have not been reported following acute ingestion of large doses of oral contraceptives by young children 
Overdosage may cause nausea, and withdrawal bleeding may occur in females 
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UNIQUE 


Full-cycle endometrial 
support, with no late-cycle 
progestin increase. 


The unique TRI-NORINYL SUPPLIED IN THE 

phasing achieves BTB EXCLUSIVE SYNTEX 
control equivalent to a 1/35. WALLETTE™ PILL 
formulation, but with 29% DISPENSER a A 
less progestin per cycle. E S 


This is, in fact, the greatest 
progestin reduction of any 
norethindrone-based 
multiphasic. TRI-NORINYL 
lowers progestin where 
requirements for endome- 
trial support are reduced- 
with no greater reported 
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Preferred by patients 3 to 1 


; over other available packages 
BTB than a 1/35 formulationž* i : P 8 
for convenience, discreetness 
9 DAYS 10 MG 


NORETHINDRONE and compliance? y 


7 DAYS 0.5 MG 5 DAYS 0.5 MG 
NORE THINDRONE NORETHINDRONE 


21 DAYS 0.035 MG ETHINYL ESTRADIOL 


THE NATURE OF 


“1/35 formulations contain 1.0 mg norethindrone with 0.035 mg ethinyl estradiol. Data available from 
Syntex Laboratories, inc. 
**Based on a nationwide, independently conducted survey of prospective oral contraceptive patients. 
Data available from Syntex Laboratories, Inc. 
Serious as well as minor side effects have been reported following the use of all oral contraceptives. 
* These include thromboembolic disease. Please see brief summary of full prescribing information 
on next page. 
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THE NATURE OF 


TRI - NORINYL 


(NORETHINDRONE AND ETHINYL ESTRADIOL) TABLETS 


TRI-NORINYL” 21-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
Oae me) of norethindrone 0.5 mg with ethinyl estradiol 

.035 mg 
TRI-NORINYL" 28-Day Tablets (7 blue tablets of norethin- 
drone 0.5 mg with ethinyl estradiol 0.035 mg, 9 green tablets 
of norethindrone 1.0 mg with ethinyl estradiol 0.035 mg, 5 
blue tablets of norethindrone 0.5 mg with ethinyl estradiol 
0.035 mg; 7 inert tablets) 


ORAL CONTRACEPTIVE (0.C.) AGENTS 


Indications Prevention of pregnancy. DOSE-RELATED RISK OF THROMBOEM- 
BOLISM. Because studies have shown a positive association between OC estro- 
gen dose and risk of thromboembolism, it is prudent to minimize estrogen 
exposure. Prescribe an OC with the least amount of estrogen compatible with an 
acceptable pregnancy rate and patient acceptance. Start new users on OCs 
containing 0.05 mg or less of estrogen. 

Contraindications 1. Known or suspected pregnancy (see Sami #5). 2. 
Thrombophlebitis or thromboembolic disorders. 3. Past history of deep vein 
thrombophlebitis or thromboembolic disorders. 4. Undi abnormal genital 
bleeding. 5. OCs should not be used by women who have or have had any of the 
following: a. cerebral vascular or coronary artery disease, including myocardial 
anon b. caer aapna aroma of the —— : known or = 
pected estrogen dependent neoplasia. d. benign or malignant liver tumor that 
developed during use of OCs or other estrogen containing products. 


increases the risk of serious cardiovascu- 
use, risk increases with age and with heavy 
smoking (15 or more cigarettes per and is quite marked in women 
over >a Yours Of age, Women whe me s should be strongly advised not 
The use of OCs is associated with increased risk of several serious conditions 
including thromboembolism, stroke, myocardial infarction, liver tumor, gall 

der disease, visual disturbances, fetal abnormalities, and hypertension, 
Practitioners “fink gt should be familiar with the following informa- 
tion relating to these risks. 


1. Thromboembolic Disorders and Other Vascular Problems: An increased risk of 
thromboembolic and thrombotic disease associated with OC use is established. 

One study demonstrated an increased relative risk for fatal venous thromboem- 
bolism and several studies demonstrated it for non-fatal venous thromboembol- 
ism. They estimate that OC users are 4-11 times more likely than nonusers to 
develop these diseases without evident cause. One British study reported an 
excess death rate of 40% in OC users, most of which resulted from cardiovascu- 
lar disease. Another British study showed a lower death rate in OC users than 
controls; an increase in cardiovascular deaths was seen but was not Statistically 
significant. A U.S. prospective study failed to disclose increased mortality rates 
from cardiovascular disorders, but a subset analyzed as a retrospective, case- 
control study showed significant increases in venous thromboembolism. CERE- 
BROVASCULAR DISORDERS. Two American studies demonstrated an increased 
relative risk for stroke not shown in prior British studies. In an American study of 
cerebrovascular disorders in women with and without predisposing causes, 
relative risk of hemorrhagic stroke was estimated as 2.0 times greater and 
thrombotic stroke as 4-9.5 times greater in users than nonusers. A British long- 
term follow-up study reported in 1976 a highly significant association between 
OC use and stroke. Another study had suggested an association in 1974, but the 
number of cases was too small to estimate the risk. Subarachnoid hemorrhage 
has been shown to be increased by OC use in British and American studies. 
Smoking alone increases incidence of these accidents: smoking and pill use 
appear to increase risk more than either alone. 


MYOCARDIAL INFARCTION (MI). Increased relative risk of MI associated with 
OC use has been reported. One British study found that the greater the number of 
underlying risk factors for coronary artery disease (cigarette smoking, hyperten- 
sion, hypercholesterolemia, obesity, diabetes, history of roam toxemia) 
the higher the risk of developing MI, regardless of OC use. OCs were an 
additional risk factor. In terms of relative risk, it has been estimated that 
nonsmoking OC users (smoking is considered a major panen condition to 
MI) are twice as likely to have a fatal MI as nonsmoking nonusers. OC users who 
are smokers have a 5-fold increased risk of fatal infarction compared to non- 
smoking users, and a 10-12-fold increased risk compared to nonsmoking non- 
users. The number of cigarettes smoked is important. In determining the 
importance of these relative risks, baseline rates for various age groups must be 
considered. Leyking are based on British vital statistics which show acute MI 
death rates 2-3 times less than in the U.S. so US. death rates could be higher.) 
Importance of other predisposing conditions in determining relative and absolute 
risks has not been quantified; other synergistic actions may exist. RISK OF 
DOSE. Using data from several national adverse reaction reporting systems, 
British investigators concluded that risk of thromboembolism, including coro- 
nary thrombosis, is directly related to estrogen dose in OCs. OCs with 0.1 “| or 
more of estrogen were associated with a higher risk of thromboembolism than 
those containing 0.05-0.08 mg but quantity of estrogen may not be the sole 
factor. This was supported by a US. study. A Britis Study found a positive 
association between dose of progestogen or estrogen and certain thromboembol- 
ic conditions. Swedish authorities noted decreased reporting of thromboembolic 
episodes when higher estrogen preparations were no longer prescribed. Careful 
epidemiological studies to determine degree of thromboembolic disease risk 
associated with Progestager oniy OCs have not been done. Thromboembolic 
disease has been reported in women using these porus, and they should not 
be considered free of excess risk. PERSISTENCE OF RISK. Two studies have 
Suggested an increased risk may persist for 6 years after discontinuation of OC 
use for cerebrovascular disease and 9 years for MI; another a = Sy the 
ce of risk for subarachnoid hemorrhage. ESTIMATE OF EXCESS MOR- 
ALITY FROM CIRCULATORY DISEASES. A large British prospective study esti- 
mated mortality rate per 100,000 women per year from circulatory system 
diseases for OC users and nonusers according to age, smoking habits, and 
duration of use. The overall annual excess death rate for OC users was estimated 
to be 20/100,000 (ages 15-34-5/100,000; ages 35-44-33/100,000: ages 45- 
49- 140/100,000). Risk is concentrated in long-term users and in smokers, and 
may persist after OC discontinuation. Although the study showed a 10-fold 
increase in death due to circulatory diseases in users for 5 or more years, all 
occurred in women 35 or older. An update provided the st rates: ages 
15-34—1/6700 for nonsmokers and 1/2000 for smokers; ages 45 and over- 
1/2500 for nonsmokers and 1/500 for smokers. Risk appeared to increase 
with parity, but not with duration of use. Until more women under 35 with 
continuous use for 5 or more years are available, it is not possible to assess 
relative risk for this age group. Data from a variety of sources have been 
analyzed to estimate the risk of death associated with various methods 
of contraception. Estimates include combined risk of the contraceptive 
method (e.g., thromboembolic and thrombotic disease for OCs) plus risk 
attribut to 4p fedyd or abortion if the method fails (which varies with 
the effectiveness of the contraceptive method). The study concluded that mor- 
tality associated with all contraceptive methods is below that of childbirth, 
except for OCs in women over 40 who smoke. ag = given for pill only/ 
smokers for each age are for smokers as a class. For “heavy” smokers (more 
than 15 cigarettes a day), the rates would be about double: for “light” smokers 
(less than 15), about half.) The lowest mortality is with the condom or 
diaphragm backed up by early abortion. The study also concluded that OC 
users who smoke, especially over 30, have greater mortality risk than OC users 
who do not smoke. 

Risk of thromboembolic and thrombotic disease associated with OCs increases 
with age after 30 and for MI is further increased by hypertension, hyperlipide- 
mias, Obesity, diabetes, or history of preeclamptic toxemia, and png by 
smoking. The following chart gives a gross estimate of risk of death from 
circulatory disorders associated with OC use. 
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SMOKING HABITS AND OTHER PREDISPOSING 
CONDITIONS—RISK ASSOCIATED WITH USE OF OCs 


Age Below 30 30-39 40 + 
Heavy smokers C B | 


Light smokers D C 
Nonsmokers 

(no predisposing conditions) D C,D C 
Nonsmokers i 

(other predisposing conditions) C C.B BA 


A-—Use associated with very high risk. 
B—Use associated with high risk. 
C—Use associated with moderate risk. 
D-Use associated with low risk. 
Physician and patient should be alert to earliest manifestations of thromboembol- 
ic and thrombotic disorders (e.g., thrombophlebitis, pulmonary embolism, cere- 
brovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be Suspected, discontinue OC 
immediately. A 4-6 fold increased risk of post-surgery thromboembolic complica- 
tions has been reported in OC users. If feasible, discontinue OCs at least 4 weeks 
before surgery associated with increased risk of thromboembolism or prolonged 
immobilization. Before resuming OC after major surgery or bedrest, balance risks 
of post-surgery thromboembolic complications with contraceptive needs. Data 
Suggest varicose veins substantially increase risk of superficial venous thrombo- 
sis of the leg, the risk depending on the severity of the varicosities. 2. Ocular 
Lesions: Neuro-ocular lesions such as optic neuritis or retinal thrombosis have 
been associated with OC use. Discontinue OC if there is unexplained, sudden, or 
gradual, partial or complete loss of vision; onset of proptosis or diplopia; 
papilledema; or retinal vascular lesions; and institute appropriate diagnostic and 
therapeutic measures. 3. Carcinoma: Long-term continuous administration of 
natural or synthetic estrogen in certain animals increases certain tumors, benign 
or malignant, such as breast, cervix, vagina, uterus, Ovary, pituitary and liver. 
Certain synthetic progestogens, none currently in OCs, increase the incidence of 
mammary nodules, benign and malignant, in dogs. Several retrospective case- 
control studies reported an increased relative risk (31-13.9 times associating 
endometrial carcinoma with the Ere use of estrogens in postmenopausal 
women. One publication reported the first 30 cases submitted to the registry of 
cases of adenocarcinoma of the endometrium in women under 40 on OCs. Of the 
adenocarcinomas found in women without predisposing risk factors for adeno- 
carcinoma of the endometrium (e.g., irregular bleeding when OCs were first 
pa, polycystic ovaries), nearly all occurred in women who had used sequential 
Cs, which are no longer marketed. No statistical association has been reported 
ting an increased risk of endometrial cancer in users of conventional 
combination or progestogen-only OCs, although individual cases have been 
reported. Studies have shown no increased risk of breast cancer to OC or 
estrogen users. One study found no overall increased risk of breast cancer in OC 
users but a greater risk was sugo for OC users with documented benign 
breast disease and for long-term (2-4 years) users. Another suy found a history 
of breast cancer among grandmothers or aunts was significantly more frequent 
among breast cancer patients who had used an OC continuously for one or more 
years than among nonusers with breast cancer One other study indicated an 
sb risk of breast cancer in women taking menopausal estrogens, which 
increased with duration of follow-up. One author suggests that extended (over 6 
years) OC use prior to first full term pregnancy was associated with a significant 
relative risk of breast cancer, and other studies suggested an incr risk of 
breast cancer with long-term OC use before age 25. A reduced occurrence of 
benign breast tumors in OC users has been well documented. One study reported 
malignant melanoma more frequently in OC users than controls and suggests an 
increased incidence of urinary tract and thyroid cancers. A prospective Study of 
women with cervical dysplasia found an increase in severity and conversion to 
cancer in situ in OC users compared to nonusers. This became Statistically 
significant after 3-4 years of use. Nonreversal of dysplasia within the first 6 
months of pill use was suggested to predict progression after prolonged expo- 
sure. One study disclosed an increased risk of cancer of the cervix (largely 
carcinoma in situ) in OC users under 40, particularly those who had used OCs 
over 4 years. Two other studies suggested an increasing incidence of cervical 
neoplasms with longer duration of OC use. There have been other reports of 
microgiandular hyperplasia of the cervix in OC users. One study reported an 
association between OC use and endocervical adenocarcinoma. In summary, 
there is no confirmed evidence from human studies of increased risk of cancer 
associated with OCs. Close clinical surveillance of all OC users is, nevertheless. 
essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal 
bleeding, take appropriate diagnostic measures to rule out malignancy. Monitor 
OC users with a strong family history of breast cancer or who have breast 
nodules, fibrocystic disease or abnormal mammograms with | esha care. 4. 
Liver Tumors: Sudden severe abdominal pain or shock may be due to rupture and 
hemorrhage of a liver tumor There have been reports associating benign or 
malignant liver tumors with short-term and long-term OC use. One study 
reported use of OCs with high hormonal potency and age over 30 may further 
increase risk of hepatocellular adenoma. Two studies relate risk with duration of 
use, risk being much greater after 4 or more years of use. Long-term OC users 
have an estimated annual incidence of hepatocellular adenoma of 3-4/100,000. 
Although an uncommon lesion, it should be considered in women presenting with 
an “acute abdomen”. The tumor may cause serious or fatal hemorrhage. Patients 
with liver tumors have demonstrated variable clinical features which may make 
preoperative diagnosis difficult. Some cases presented because of right upper 
quadrant masses, while most had signs and symptoms of acute intraperitoneal 
hemorrhage. Routine radiological and laboratory studies may not be helpful. Liver 
scans may show a focal defect. Hepatic arteriography may be useful in diagnos- 
ing primary liver neoplasm. 5. Use in or sy ged Preceding Pregnancy, Birth 
Defects in Offspring, and Malignancy in Female Offspring: Use of female sex 
hormones—estrogenic and progestational agents—during early pregnancy may 
seriously damage the offspring. Females exposed in utero to diethylstilbestrol, a 
nonsteroidal ia ph have an increased risk of developing in later life a form of 
vaginal or cervical cancer that is ordinarily extremely rare. This risk has been 
estimated to be of the order of 1/1000 exposures or less. Although there is no 
evidence that OCs further enhance the risk of developing this type of malignancy, 
such OC users should be monitored with paowa: care. A high percentage of 
women exposed to diethylstilbestro! (30-90%) have epithelial changes of the 
vagina and cervix. Although these changes are histologically benign, it is not 
known whether they are a precursor of vaginal mali nancy. Male children so 
exposed may develop urogenital tract abnormalities. Although similar data are 
not available on other estrogens, it cannot be presumed that they would not 
induce similar changes. Increased risk of congenital anomalies, including heart 
and limb defects, has been reported following use of sex hormones, including 
OCs, in pregnancy. One case-control study estimated a 47-fold increased relative 
risk of limb-reduction defects in infants exposed in utero to sex hormones (OCs, 
hormonal withdrawal tests for pregnancy or attempted treatment for threatened 
abortion). Some exposures involved only a few days of treatment. Data suggest 
risk of limb-reduction defects in exposed fetuses is somewhat less than 1/1000 
live births. In a large e preaiesine Study, cardiovascular detects in children born to 
women who received female hormones, cenang OCs, during early pregnancy 
occurred at 18.2/1000 births, compared to 78/1000 for children not so exposed in 
utero. These results are a bip haras A Welsh study found a statisti- 
cally significant excess of neural tube defects among offspring of px OC users 
(within 3 months) than among controls. The incidence of twin births may be 
increased for women who conceive shortly after discontinuing OC use. In the 
past, female sex hormones were used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is evidence that estrogens are ineffective, 
and there is no evidence from well controlled studies that Progestogens are 
effective for these uses. There is some evidence that triploidy and possibly other 
types of polyploidy are increased among abortuses from women who become 
pregnant soon after ceasing OCs. Embryos with these anomalies are virtually 
always aborted spontaneously. Whether there is an overall increase in spontane- 
ous abortion of pregnancies conceived soon after stopping OCs is unknown. If 
the patient has not adhered to the prescribed schedule. consider possible preg- 
nancy at the first missed period (or 45 days from the last menstrual period if 
‘soaps tel OCs are used) and discontinue OC use until pregnancy has 
een ruled out. For any patient who has missed two consecutive periods, rule 
Out pregnancy before continuing the OC. If pregnancy is confirmed, tell the 
patient about potential risks to the fetus and discuss advisability of continuing 
the pregnancy. Women who discontinue OCs to become pregnant should use an 
alternate form of contraception for a period of time before attempting to con- 
ceive. A 3-month period is supported by a study Suggesting increased frequency 
of neural tube defects in women impregnated during the first 3 months after 
cessation of OC use. Do not use progestogen-only or progestogen-estrogen 
combinations to induce withdrawal bleeding as a pregnancy test. 6. Gal/ Bladder 


Disease: Studies report increased risk of gall bladder disease in OC or estrogen 
users. In one study, an increased risk appeared after 2 years of use and doubled 
after 4-5 years. In another study, an increased risk was apparent between 6 and 
12 months. 7 Cetoeee and Lipid Metabolic Effects: Because a decrease in 
lucose tolerance has been observed in a significant percentage of patients on 
Cs, prediabetic and diabetic OC users should be carefully observed. An 
increase in triglycerides and total phospholipids has been observed in OC users 
but its clinical significance is unknown. 8. Elevated Blood Pressure: An increase 
in blood pressure has been reported with OC use. Hypertension may occur 
within a few months of beginning OCs. In the first year of use, incidence of 
hypertension may be no higher in OC users than in nonusers. Incidence in users 
increases with exposure and in the fifth year of use is 2.5-3 times that in the 
first year. ope is strongly correlated with hypertension in OC users. Women with 
a history of elevated blood pressure (hypertension), preexisting renal disease, 
history of toxemia or elevated blood pressure during pregnancy, familial ten- 
dency to hypertension or its consequences, or history of excessive weight gain 
or fluid retention during the menstrual cycle may be more likely to develop 
elevated blood pressure when given OCs and should be monitored closely. Even 
houh elevated blood pressure may remain within the “normal” range, closely 
watch elevations, particularly for women with other risk factors for cardiovascu- 
lar disease or stroke. High blood pressure may or may not persist after OC 
discontinuation. 9. Headache: Discontinue OC and evaluate the cause of onset or 
exacerbation of migraine or development of a new pattern of headache which is 
recurrent. persistent, or severe. 10. Bleeding Irregularities: Breakthrough bleed- 
ing, spotting, and missed menses often make users discontinue OCs. In break- 
through bleeding, as in all cases of irregular bleeding from the vagina, consider 
nonfunctional causes. In undiagnosed persistent or recurrent abnormal bleeding 
from the vagina, use adequate diagnostic measures to rule out pregnancy or 
malignancy. If pathology has been excluded, time or another formulation may 
solve the problem. While potentially useful in minimizing menstrual irregularity, 
change to an OC with a higher estrogen content only if hes ge since this may 
increase the risk of thromboembolic disease. Women with a istory of oligo- 
menorrhea or secondary amenorrhea or young women without nen cycles 
may tend to remain anovulatory or to become amenorrheic after OC discontin- 
uation. Women with these preexisting problems should be advised of this and 
encouraged to use other contraceptive methods. Post-use anovulation, ssibly 
prolonged, may occur in women without previous irregularities. A higher inci- 
dence of galactorrhea and of pituitary tumors (e.g., adenomas) has been asso- 
ciated with amenorrhea in former users compared with nonusers. One study 
reported a 16-fold increased incidence of pituitary prolactin-secreting tumors 
among patients with postpill amenorrhea when galactorrhea was present. 11. 
Infertility: There is evidence of impairment of fertility in women discontinuing 
OCs in comparison with other contraceptive methods, which appears to be 
independent of duration of use. While impairment diminisnes with time, there is 
an appreciable difference in the results in nulliparous women for OC and other 
groups 30 months after discontinuation of birth control. For parous women the 
difference is not apparent 30 months after cessation of contraception. One study 
Suggests Chlamydia trachomatis infection, the leading cause nongonococcal 
”\. D., is enhanced by OCs. 12. Ectopic Pregnancy: Ectopic as well as intrauterine 
pregnancy may occur in OC failure. In progestogen-only OC failures, the ratio of 
ectopic to intrauterine pregnancies is higher than in nonusers, since the drugs 
are more effective in preventing intrauterine than ectopic pregnancies. 13. Breast 
Feeding: OCs in the postpartum period may interfere with lactation by decreas- 
ing quantity and quality of breast milk. A small fraction ct OC hormonal agents 
has been identified in milk of mothers receiving OCs. Effects, if any, on the 
breast-fed child have not been determined. If feasible, cefer OC use until the 
infant has been weaned. Precautions GENERAL 1. Take a complete medical and 
amy history before starting OCs. Pretreatment and periodic physical exams 
should include special reference to blood pressure, breasts, abdomen and pelvic 
organs, including Papanicolaou smear and relevant lab tests. As a general rule, 
OCs should not be prescribed for longer than 1 year without another physical. 2. 
Under the influence of estrogen-progestogen preparations, preexisting uterine 
letomyomata may erae 3. Observe patients with a history of psychic depres- 
sion and discontinue OCs if depression recurs to a serous degree. Patients 
becoming significantly depressed while taking OCs should stop the OC and use 
an alternate method of contraception to determine whether the symptom is drug 
related. 4. OCs may cause some fluid retention. Prescribe with caution, and only 
with careful monitoring, in patients with conditions that might be aggravated by 
fluid retention, such as convulsive disorders, migraine syndrome, asthma or 
cardiac, hepatic or renal insufficiency. 5. Patients with a past history of jaundice 
during pregnancy have an increased risk of recurrence while using OCs. Discon- 
tinue OC if jaundice develops. 6. Steroid hormones may be poorly metabolized 
in patients with impaired liver function and should be administered with caution 
in such patients. 7 OC users may have disturbances in normal tryptophan 
metabolism that may result in a relative pyridoxine deficiency. The clinical signif- 
icance is unknown. 8. Serum folate levels may be depressed by OC use. Since 
the pregnant woman is predisposed to folate deficiency and incidence of folate 
deficiency increases with increasing gestation, if a woman becomes ny ae 
Shortly after stopping OCs, she may have a greater chance of developing folate 
deficiency and related complications. 9. Advise the pathologist of OC use when 
relevant specimens are submitted. 10. Certain endocrine and liver function tests 
and blood components may be affected by estrogen-containing OCs. For exam- 
pe a. Increased sulfobromophthalein retention. b. Increased prothrombin and 
actors VII, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability. c. Increased thyroid binding globulin (TBG) lead- 
ing to increased circulating total thyroid hormone. as measured Y 
protein-bound iodine (PBI), T4 by column, or T4 b radioimmunoassay. Free T 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is 
unaltered. d. Decreased pregnanediol excretion. e. Reduced response to metyra- 
pone test. f. Increased phospholipids and triglycerides. g. Tëmporarily decreased 
glucose tolerance. 11. Contact lens wearers who develop visual changes or 
changes in lens tolerance should be assessed by an pa and tempo- 
rary or permanent cessation of wear considered. DRUG INTERACTIONS. OCs 
may be less effective and there may be increased breakthrough bleeding from 
interactions with rifampin, isoniazid, ampicillin, tetracycline. neomycin, penicillin 
V, chloramphenicol, sulfonamides, nitrofurantoin, barbiturates, phenytoin, primi- 
done, analgesics, tranquilizers, antimigraine preparations, antihistamines, and 
griseofulvin. OCs may alter effectiveness of such other drugs as oral anticoagu- 
lants, anticonvulsants, tricyclic antidepressants, antihypertensive agents (e.g., 
guanethidine), vitamins, hypoglycemic agents, tranquilizers, hypnotic prepara- 
tions, theophylline, and beta blockers. Toxic liver effects have been reported with 
a combination of an OC and cyclosporin A. CARCINOGENESIS See Warnings. 
PREGNANCY Hae dy Category X. See Contraindications and Warnings. 
NURSING MOTHERS See Warnings. Adverse Reactions An increased risk of the 
following serious adverse reactions has been associated with OC use (see Warn- 
ings): a ee thrombosis, pulmonary embolism, coronary thrombosis, 
cerebral thrombosis, mesenteric thrombosis, liver tumors, cerebral hemorrhage, 
hypertension, gall bladder disease, congenital anomalies, meuro-ocular lesions, 
e.g.. retinal thrombosis and optic neuritis, Raynaud's disease, arterial throm- 
boembolism. The following adverse reactions have been reported in OC users 
and are believed to be drug related: bleeding irregularities (breakthrough bleed- 
ing, spotting, missed menses during treatment, amenorrhea after treatment), 
gastrointestinal symptoms (nausea, vomiting, bloating, abdominal cramps, 
Colitis), dysmenorrhea, infertility after discontinuance of treatment, edema, 
chloasma or melasma which may persist after drug is discontinued, breast 
changes (tenderness, enlargement, and secretion), intoleranee to contact lenses, 
changes in corneal curvature (steepening), change in weight (increase or 
decrease), change in cervical erosion and cervical secretion, possible diminution 
of lactation when given immediately postpartum, cholestatic jaundice, migraine, 
increase in size of uterine leiomyomata, rash {allergic), mental depression, 
reduced tolerance to carbohydrates, vaginal candidiasis, prolactin-secreting pitu- 
itary tumors, chilblains. The following adverse reactions have been reported in 
OC users and the association has been neither confirmed ror refuted: premen- 
Strual-like syndrome, cataracts, changes in libido, chorea, changes in appetite, 
Cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of hair, 
erythema multiforme, erythema nodosurm, hemorrhagic eruptions, vaginitis, 
porphyria, impaired renal function, malignant nephrosclerosis asl uremic 
syndrome), malignant hypertension, acute renal failure. Information for the 
Patient (See Patient Package Insert). yee 
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A Standard in Progesterone Therapy 


Prove 


10 MG 
TABLETS 





medroxyprogesterone acetate 


WARNING 

THE USE OF PROGESTATIONAL AGENTS DURING THE FIRST 
FOUR MONTHS OF PREGNANCY IS NOT RECOMMENDED. 

Progestational agents have been used beginning with the first 
trimester of pregnancy in an attempt to prevent habitual abortion or 
treat threatened abortion. There is no adequate evidence that such 
use is effective and there is evidence of potential harm to the fetus 
when such drugs are given during the first four months of pregnancy. 
Furthermore, in the vast majority of women, the cause of abortion is 
a defective ovum, which progestational agents could not be expected 
to influence. In addition, the use of progestational agents, with their 
uterine-relaxant properties, in patients with fertilized defective ova may 
cause a delay in spontaneous abortion. Therefore, the use of such 
drugs during the first four months of pregnancy is not recommended. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies including 
congenital heart defects and limb reduction defects. One study 
estimated a 4.7-fold increased risk of limb reduction defects in infants 
exposed in utero to sex hormones (oral contraceptives, hormone with- 
drawal tests for pregnancy, or attempted treatment for threatened 
abortion). Some of these exposures were very short and involved 
only a few days of treatment. The data suggest that the risk of limb 
reduction defects in exposed fetuses is somewhat less than 1 in 1000. 

if the patient is exposed to PROVERA Tablets (medroxyproges- 
terone acetate) during the first four months of pregnancy or if she 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus. 





INDICATIONS: Secondary amenorrhea; abnormal uterine bleeding due to 
hormonal imbalance in the absence of organic pathology such as fibroids or 
uterine cancer. 

CONTRAINDICATIONS: Thrombophlebitis, thromboembolic disorders, cere- 
bral apoplexy or patients with a past history of these conditions. Liver dysfunc- 
tion or disease. Known or suspected malignancy of breast or genital organs. 
Undiagnosed vaginal bleeding. Missed abortion. Known sensitivity to medroxy- 
progesterone acetate. As a diagnostic test to pregnancy. 

WARNINGS: 1. Immediately discontinue administration should any of the 
following thrombotic disorders occur or be suspected: thrombophlebitis, cere- 
brovascular disorders, pulmonary embolism, retinal thrombosis. 2. Beagle dogs 
treated with medroxyprogesterone acetate developed mammary nodules some 
of which were malignant. Although nodules occasionally appeared in control 
animals, they were intermittent in nature; whereas the nodules in the drug 
treated animals were larger, more numerous, persistent, and there were some 
breast malignancies with metastases. Their significance with respect to humans 
has not been established. 3. Discontinue medication pending examination if 
there is sudden partial or complete loss of vision, onset of proptosis, diplopia, 
or migraine. If papilledema or retinal vascular lesions occur, withdraw medica- 
tion. 4. Detectable amounts of progestin have been identified in the milk of 
mothers receiving the drug. The effect of this on the nursing infant has not been 
determined. 5. Usage in pregnancy is not recommended (see Warning box). 
6. Three major studies in Great Britain and one in this country have shown a 
statistically significant association between thrombophlebitis, pulmonary embo- 
lism, cerebral thrombosis and embolism and the use of oral contraceptives. It 
has been estimated that users are several times as likely to undergo thrombo- 
embolic disease without evident cause as nonusers. The American study indi- 
cated that the risk did not persist after discontinuation, and it was not enhancea 
by long-continued administration. 

PRECAUTIONS: A pretreatment physical exam should include special refer- 
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FOR VULVOVAGINAL CANDIDIASIS 


Kemstat 


outoconazole nitrate 


(a 


Y 
NAE 


FAST, SOOTHING RELIEF 


Complete coverage- 
and minimal vaginal leakage! ' 


3-DAY THERAPY 


AS effective as miconazole cream— 
in only 3 days’ time! 


3 DISPOSABLE APPLICATORS 


Patient convenience and satisfaction- 
for enhanced compliance! 


*in non-pregnant patients, 3-day treatment is recommended. Treatment 
may be extended an additional 3 days, if necessary. 

` Droegemueller W, Adamson DG, Brown D et al: Three-day treatment 
with butoconazole nitrate for vulvovaginal candidiasis. Obstet Gynecol 
64:530-534, 1984. 
Please see brief summary of prescribing information on next page 


The Only 3-Day Cream 
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vaginal cream 20% 


emstat 


(dutoconazale nitrate) 
The Only 3-Day Cream 


Brief Summary 


INDICATIONS: 
FEMSTAT® (butoconazole nitrate) vaginal cream 2.0% 


is indicated for local treatment of vulvovaginal mycot- 


ic infections caused by Candida species. Confirm the 
diagnosis by KOH smears and/or cultures. FEMSTAT 


can be used with oral contraceptives and antibiotics. 


It is effective in non-pregnant women and during the 
second and third trimesters of pregnancy. 


CONTRAINDICATIONS: 

FEMSTAT is contraindicated in patients hypersensitive 
to any of the ingredients. 

PRECAUTIONS: 

General: 

If clinical symptoms persist, repeat microbiological 
tests to rule out other pathogens and confirm the 


diagnosis. Discontinue drug if sensitization or irrita- 


tion occurs. 


Information for the Patient: 
Do not discontinue prematurely during menstruation 
or because of symptomatic relief. 


Carcinogenesis: 
Animal studies have not been done. 


Mutagenesis: 
Mutagenicity studies were negative. 


Impairment of Fertility: 
Animal studies showed no impairment of fertility. 


Pregnancy Category C: 

Adverse effects were noted in animals treated with 
high oral doses. No studies were done in women 
during first trimester. Patients in the second or third 
trimester have shown no adverse effects attributable 
to the drug. 


Nursing Mothers: 

Use with caution. 

Pediatric Use: 

Safety and efficacy have not been established. 


ADVERSE REACTIONS: 


Vulvar/vaginal burning in 2.3% of patients, vulvar itch- 


ing in 0.9%, discharge, soreness, swelling, itching of 


fingers each in 0.2%. Complaints caused 1.6% to dis- 


continue drug. 


DOSAGE AND ADMINISTRATION: 
Non-pregnant Patients: The recommended dose is 
one applicatorful of cream (approximately 5 grams) 
intravaginally at bedtime for three days. Treatment 
can be extended for an additional three days if 
necessary. 


Pregnant Patients (second and third trimesters only): 
The recommended dose is one applicatorful of cream 
(approximately 5 grams) intravaginally at bedtime 
for six days. 


CAUTION: 
Federal law prohibits dispensing without 
prescription. 


December 1985 
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SYNTEX LABORATORIES, INC. 
PALO ALTO, CA 94304 


© 1986 Syntex Laboratories, Inc. 
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CURRENT THERAPY IN 
SURGICAL GYNECOLOGY 


By Celso-Ramon Garcia, M.D.: John J. 
Mikuta, M.D; and Norman G. Rosenblum, 
Ph.D., M.D. You no longer have to wade 
through volumes, chapters and pages of 
pathophysiology to find just the right treat- 
ment for your patients. This heavily illus- 
trated volume targets everything from choice 
of suture material and instruments to adju- 
vant therapy, pre- and post-operative care, 
and non-neoplastic and neoplastic diseases. 
You make the diagnosis and then check 
with the experts on the most currently pre- 
ferred treatment methods. Order your copy 
today and consult the best! October, 1986. 
Approx. 256 pages, illustrated. (D-1745-6) 
Mosby distributes this B.C. Decker, Inc. 
publication. Special introductory price, 
$40.00 (will be $46.00) DDG, 


Save time, call FREE 1-800-345-8500, 


ext. 15. Our hotline is open 24 hours a LI 


day, 7 days a week. MOSBY 
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FREE for 30 days! Please send my copy of: 
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GYNECOLOGY (D-1745-6) at the special introductory 
price of $40.00 (will be $46.00) 


Please begin my subscription to the Current Therapy in Surgical 
Gynecology series. | understand | will automatically receive the next 
volume in the series as it is published biennially. 
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Fact No. 1 


Fact No. 2 


Fact No.3 


Fact No.4 


© 1986 ICI Americas Inc 


Bacteroides fragilis is the 
major anaerobic pathogen’ 


"The most common anaerobic organism is B fragilis, isolated 


in 80 to 95 percent of patients with colorectal perforation.” 


Against B fragilis, CEFOTAN has 
equal in vitro activity to cefoxitin**" 


Gorbach, Quintiliani, Neu, and others have studied a total of 
more than 900 isolates of B fragilis and determined that 
CEFOTAN and cefoxitin have equal in vitro activity.**” 


Intra-abdominal infection 
is polymicrobial 


Tally and Gorbach report that B fragilis is the major anaerobic 
pathogen, while Escherichia coli is the primary aerobic isolate 


CEFOTAN has superior 
gram-negative activity compared 
with cefoxitin” 


Spectrum of activity [of CEFOTAN] is distinguished by 


having the same anti-anaerobe"! effect as cefoxitin coupled 
with enhanced activity against Esch. coli and other 
Enterobacteriaceae.”” 





—C.J.L. Strachan— 


"In vitro activity does not necessarily correlate with in vivo effectiveness 
‘Most strains of B distasonis, B ovatus. and B thetaiotaomicron are resistant to CEFOTAN 








Fact No.5 


Conclusion 


Please see the following page for brief 
summary of prescribing information. 





The Facts 


CEFOTAN is cost-effective 


Twice-daily CEFOTAN can save 45% in treatment costs and 
single-dose prophylaxis with CEFOTAN saves 63% when 
compared with a three-dose regimen of cefoxitin $ 


The facts now favor CEFOTAN 


CEFOTAN is an ideal agent in the treatment of intra- 
abdominal infections due to susceptible pathogens including 
Bacteroides species such as B fragilis, but not B distasonis, 
B ovatus, or B thetaiotaomicron. 

As active as cefoxitin against Bacteroides fragilis— 
the most common anaerobe in intra-abdominal sepsis— 
CEFOTAN provides superior gram-negative coverage and 
is particularly active against E coli and other common gram- 
negative pathogens. 





In intra-abdominal infection 
due to indicated organisms 


Switch to J 


CEFOTAN.. 


(cefotetan disodium | 


The cost-effective replacement for cefoxitin 


tBased on overall costs of antibiotic preparation and delivery '* for comparable regimens: 
Treatment—CEFOTAN, 2g x 2; cefoxitin!’ 2g x 4. Prophylaxis—CEFOTAN 2g x 1; cefoxitin's 2g x 3 





CEFOTAN... 


(cefotetan disodium | 


For Intravenous or Intramuscular Use 
BRIEF SUMMARY 


INDICATIONS AND USAGE 
TREATMENT: CEFOTAN® (cefotetan disodium) is indicated for the therapeutic treatment of the 
following infections when caused by susceptible strains of the designated organisms: 


Urinary tract infections caused by £ coli, Klebsiella species (including K pneumoniae), Proteus 
mirabilis and Proteus sp (which may include the organisms now called Proteus vulgaris, Providencia 
rettgeri, and Morganella morganii). 


Lower respiratory tract infections caused by Streptococcus pneumoniae (formerly D pneumoniae), 
9 es a aureus (penicillinase- and nonpenicillinase-producing strains), Haemophilus 

obey aoe (including ampicillin-resistant strains), Klebsiella species (including K pneumoniae), 

and E coli. 


Skin and skin structure infections caused by Staphylococcus aureus (penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis,” Streptococcus pyogenes and Streptococcus 
species (excluding enterococci), and E coli. 


Gynecologic infections caused by Staphylococcus aureus' (including penicillinase- and nonpenicil- 
linase-producing strains), Staphylococcus epidermidis," Streptococcus species (excluding entero- 
cocci), E coli, Proteus mirabilis, Neisseria gonorrhoeae, Bacteroides species (excluding B distasonis, 
B ovatus, B thetaiotaomicron), Fusobacterium species,' and gram-positive anaerobic cocci (including 
Peptococcus and Peptostreptococcus species’). 


intra-abdominal infections caused by £ coli, Klebsiella species (including K pneumoniae’), Strepto- 
coccus species (excluding enterococci), and Bacteroides species (excluding B distasonis, B ovatus, 
B thetaiotaomicron). 


Bone and joint infections caused by Staphylococcus aureus. 
* NOTE: Some strains of Staphylococcus epidermidis are resistant to cefotetan. 
"Efficacy for this organism in this organ system was studied in fewer than ten infections. 


PROPHYLAXIS: The preoperative administration of CEFOTAN may reduce the incidence of certain 
postoperative infections in patients undergoing surgical procedures that are classified as clean 
contaminated or potentially contaminated (eg, cesarean section, abdominal or vaginal hysterectomy, 
transurethral surgery, biliary tract surgery, and gastrointestinal surgani: 

The prophylactic dose of CEFOTAN should be administered 30 to 60 minutes prior to surgery. In 
patients undergoing cesarean section, CEFOTAN should be administered intravenously after the 
clamping of the umbilical cord. 

If there are signs and symptoms of infection, specimens for culture should be obtained for 
identification of the causative organism so that appropriate therapeutic measures may be initiated. 


CONTRAINDICATIONS 
CEFOTAN is contraindicated in patients with known allergy to the cephalosporin group of antibiotics. 


WARNINGS 

Before therapy with CEFOTAN is instituted, careful inquiry should be made to determine whether the 
patient has had previous ay er hyararedi reactions to cefotetan disodium, cephalosporins, 
penicillins, or other drugs. This product should be given cautiously to penicillin-sensitive patients. 
Antibiotics should be administered with caution to any patient who has demonstrated some form of 
allergy, particularly to n If an allergic reaction to CEFOTAN occurs, discontinue the drug. 
Serious acute hypersensitivity reactions may require epinephrine and other emergency measures. 

Pseudomembranous colitis has been reported with the use of cephalosporins (and other broad- 
a antibiotics); therefore, it is important to consider its diagnosis in patients who develop 
diarrhea in association with antibiotic use. 

Treatment with broad-spectrum antibiotics may alter normal flora of the colon and may permit- 
overgrowth of clostridia. Studies indicate a toxin produced by Clostridium difficile is one indeed 
cause of antibiotic-associated colitis. Cholestyramine and colestipol resins have been shown to bind 
the toxin in vitro. 

Mild cases of colitis may respond to drug discontinuance alone. Moderate to severe cases should 
be managed with fluid, electrolyte, and protein supplementation as indicated. When the colitis is not 
relieved by drug discontinuance, or when it is severe, oral vancomycin is the treatment of choice for 
i eh aa ae pseudomembranous colitis produced by C difficile. Other causes should also be 
considered. 


PRECAUTIONS 

GENERAL: As with other broad-spectrum antibiotics, prolonged use of CEFOTAN may result in over- 
growth of nonsusceptible organisms. Careful observation of the patient is essential. If superinfection 
does occur during therapy, appropriate measures should be taken. 

In common with many other broad-spectrum antibiotics, CEFOTAN may be associated with a fall in 
prothrombin activity. Those at risk include patients with renal or hepatic impairment, or poor nutri- 
tional state. Prothrombin times should be monitored in patients at risk and exogenous Vitamin K 
administered as indicated. 

CEFOTAN should be used with caution in individuals with a history of gastrointestinal disease, 
particularly colitis. 


INFORMATION FOR PATIENTS: As with some other cephalosporins, a disulfiram-like reaction 
characterized by ree sweating, headache, and tachycardia may occur when alcohol (beer, wine, 
etc) is ingested within 72 hours after CEFOTAN administration. Patients should be cautioned about the 
ingestion of alcoholic beverages following the administration of CEFOTAN. 


DRUG INTERACTIONS: If CEFOTAN and an aminoglycoside are used concomitantly, renal function 
should be carefully monitored, especially if higher ae of the aminoglycoside are to be adminis- 
tered or if therapy is prolonged, because of the potential nephrotoxicity and ototoxicity of aminoglyco- 
side antibiotics. Although, to date, nephrotoxicity has not been noted when CEFOTAN was given alone, 
it is possible that nephrotoxicity may be potentiated if CEFOTAN is used concomitantly with an 
aminoglycoside. 


DRUG/LABORATORY TEST INTERACTIONS: A false positive reaction for glucose in urine may occur 
with Benedict's or Fehling’s solution. 

As with other cephalosporins, high concentrations of cefotetan may interfere with measurement of 
serum and urine creatinine levels of Jaffe reaction and produce false increases in the levels of 
creatinine reported. 


CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Although long-term studies in 
animals have not been performed to evaluate carcinogenic potential, no mutagenic potential of 
cefotetan was found in standard laboratory tests. 

Cefotetan has adverse effects on the testes of prepubertal rats. Subcutaneous administration of 
500 mg/kg/day (approx 8-16 times the usual adult human dose) on days 6-35 of life (thought to be 
developmentally analogous to late childhood and os pris in humans) resulted in reduced testicular 
weight and seminiferous tubule degeneration in 10 of 10 animals. Affected cells included “i gal 
nia and spermatocytes; Sertoli and Leydig cells were unaffected. Incidence and severity of lesions 
were dose-dependent; at 120 pros she yen 2-4 times the usual human dose), only 1 of 10 
treated animals was affected, and the degree of degeneration was mild. Similar lesions have been 
observed in experiments of comparable design with other en re Conaing antibiotics 
and impaired fertility has been reported, particularly at high dose levels. No testicular effects were 
observed in 7-week-old rats treated with up to 1000 mg/kg/day SC for 5 weeks, or in infant dogs 
(3 weeks old) that received up to 300 mg/kg/day IV tor 5 weeks. The relevance of these findings to 
humans is unknown. 


USAGE IN PREGNANCY: Pregnancy Category B: Reproduction studies have been performed in rats 
and monkeys at doses up to 20 times the human dose and have revealed no evidence of impaired 
fertility or harm to the fetus due to cefotetan. There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproductive studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 
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CEFOTAN® (cefotetan disodium 


USAGE IN NURSING MOTHERS: Cefotetan is excreted in human milk in very low concentrations. 
Caution should be exercised when cefotetan is administered to a nursing woman. 


PEDIATRIC USE: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
In clinical studies the following adverse effects were considered related to CEFOTAN therapy. 


Gastrointestinal symptoms occurred in 1.5 percent of patients; the most frequent were diarrhea (1 in 
80) and nausea (1 in 700). 


Hematologic laboratory abnormalities occurred in 1.4 percent of patients and included eosinophilia 
(1 in 200), positive direct Coombs' test (1 in 250), and thrombocytosis (1 in 300). 


Hepatic enzyme elevations occurred in 1.2 percent of patients and included a rise in SGPT (1 in 150), 
SGOT (1 in 300), alkaline phosphatase (1 in 700), and LDH (1 in 700). 


Hypersensitivity reactions were reported in 1.2 percent of patients and included rash (1 in 150) and 
itching (1 in 700). 


Local effects were reported in less than one ‘is of patients and included phlebitis at the site of 
injection (1 in 300), and discomfort (1 in 500), 


DOSAGE AND ADMINISTRATION 

TREATMENT: The usual adult dosage is 1 or 2 grams of CEFOTAN administered intravenously or 
intramuscularly every 12 hours for 5 to 10 days. Proper dosage and route of administration should be 
determined by the condition of the patient, severity of the infection, and susceptibility of the causative 
organism. 





GENERAL GUIDELINES FOR DOSAGE OF CEFOTAN 














Type of Infection Daily Dose Frequency and Route 
Urinary Tract 1-4 grams 500 mg every 12 hours IV or 1M 

1 or 2 g every 24 hours IV or 1M 

1 or 2 g every 12 hours IV or IM 
Other Sites 2-4 grams 1 or 2 g every 12 hours IV or IM 
Severe 4 grams 2 g every 12 hours IV 
Life-Threatening 6* grams 3 g every 12 hours IV 





*Maximum daily dosage should not exceed 6 grams. 


PROPHYLAXIS: To po postoperative infection in clean contaminated or potentially contaminated 
surgery in adults, the recommended dosage is 1 or 2 g of CEFOTAN administered once, intravenously, 
30 to 60 minutes prior to surgery. In we undergoing cesarean section, the dose should be 
administered as soon as the umbilical cord is clamped. 


IMPAIRED RENAL FUNCTION: When renal function is impaired, a reduced dosage schedule must be 
employed. The following dosage guidelines may be used. 





DOSAGE GUIDELINES FOR PATIENTS 
WITH IMPAIRED RENAL FUNCTION 
Creatinine Clearance 











mL/min Dose Frequency 
>30 Usual Recommended Dose* Every 12 hours 

10-30 Usual Recommended Dose* Every 24 hours 
<10 Usual Recommended Dose” Every 48 hours 





“Dose determined by the type and severity of infection, and susceptibility of the causative organism. 


Cefotetan is dialyzable and it is recommended that for patients undergoing intermittent hemodialy- 
Sis, one-quarter of the usual recommended dose be given every 24 hours on days between dialysis 
and one-half the usual recommended dose on the day of dialysis. 


CEFOTAN is a dry, white to pale yellow powder supplied in vials containing cefotetan disodium 
equivalent to 1g and 2 g cefotetan activity for intravenous and intramuscular administration. The 1g 
dose is available in 10 mL and 100 mL vials, and the 2 g dose is available in 20 mL and 100 mL vials. 
The vials should not be stored at cae above 22°C and should be protected from light. 

1g in 10 mL vial (NDC 0038-0376-1 

2 g in 20 mL vial (NDC 0038-0377-20 

1g in 100 mL vial NDE 0038-0376-11 

2g in 100 mL vial (NDC 0038-0377-21 


Manufactured for 


STUART PHARMACEUTICALS 


Division of ICI Americas Inc 
Wilmington, Delaware 19897 
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“Is the technique'difficult?” 


‘How long before Im proficient?” 


“How many procedures can 
l expect to do per month?” 





WHEN PFIZER 


OFFERS YOU 





AFREE 





Wik 


These are just a 
few of the questions 
surgeons ask before 
considering a CO, Laser. 

So we've developed 
the TOTA.L. (Training 
and Opportunities To Assess Lasers) 
Program to give you the answers. 

With T.O.T.A.L., you interface directly 
with an experienced colleague; ob- 
serve surgery and discuss indications, 
techniques and complications. 

You can also supplement this experi- 
ence by attending a hands-on, one-day 
seminar. 

For in-depth clinical review, we offer 
a compendium of papers and a biblio- 
graphy covering CO, lasers in your 
specialty. 

We've even developed a videotape 


\ a 






EDUCATION 
INSTEAD. 





that zooms in on surgical 
techniques. 

And a cost analysis 
survey helps you weigh 
all the financial consid- 
nnek erations beforehand. 

Only Pfizer offers the TOT.A.L. 
Program—to help you eliminate the 
guesswork. For more facts, call or 


write Pfizer Laser Systems . 


Our hand-held, portable CO, Laser delivers up to 25 watts, 
yet pulses are 10 times shorter than other systems to reduce 
tissue trauma. Bulky and cumbersome articulated arms are 
eliminated, too. 





16700 Red Hill Avenue 
Irvine, CA 92714 
(714) 250-1757 
(800) 854-7568 
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MOSBY 
Nursing Journals 


Nursing specialty publications bringing important nursing literature to 
over 92,000 worldwide subscribers throughout the year. 





MOSBY journals provide information progressive nurses need to main- 
tain a continuing education program in their specialty area. 


Check the listing below for the journal publications of special interest to 
you. 


HEART & LUNG: The Journal of Critical Care 
Bimonthly. Institutions: $61.00; Individuals: $20.00; Students: $16.00. Of- 
ficial publication of the American Association of Critical-Care Nurses. 


JOURNAL OF EMERGENCY NURSING 
Bimonthly. Institutions: $62.50; Individuals: $21.50; Students: $16.00. Of- 
ficial publication of the Emergency Nurses Association. 


JOURNAL OF ENTEROSTOMAL THERAPY 

Bimonthly. Institutions: $67.75; Individuals: $26.75; Students: $21.00. 
Official publication of the International Association for Enterostomal 
Therapy. 


FOCUS ON CRITICAL CARE 

Serves the working critical care nurse. Each issue contains critical care 
and clinical articles devoted to day-to-day critical care nursing, new 
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Nonpigmented endometriosis: Clinical, laparoscopic, and 


pathologic definition 


Robert P. S. Jansen, M.B., B.S., B.Sc.(Med.), and Peter Russell, M.B., B.S., B.Sc.(Med.) 


Sydney, Australia 


We describe the morphologic characteristics and clinical importance of peritoneal lesions that have the 
histologic features of endometriosis but are devoid of the pigmented stigmas typical of this disease. A total 
of 137 laparoscopic biopsy specimens were taken of nonpigmented peritoneal lesions in 77 patients, 
among whom 70 were infertile. Seventy-three biopsy specimens showed endometrium-like glands and 
stroma, and another 12 showed only endometrioid stroma; no such histologic features of endometriosis 
were present in 10 biopsy specimens of normal uterosacral ligament peritoneum (p = 0.005, Fisher's test). 
Nonpigmented lesions that were commonly endometriotic were: (1) white opacified peritoneum 
(endometriosis in 81% of n = 52 biopsy specimens), (2) red flamelike lesions (81% of n = 16), and (3) 
glandular lesions (resembling endometrium at hysteroscopy) (67% of n = 21). Lesions that were 
sometimes endometriotic were: (1) subovarian adhesions (50% of n = 4), (2) yellow-brown peritoneal 
patches (47% of n = 19), and (3) circular peritoneal defects (45% of n = 11). However, thickened 
cribriform peritoneum usually was not endometriotic (9% of n = 11) and vesicular excrescences were, in 
every case, reactions to oil-based salpingographic medium (n = 5). Six patients underwent another 
laparoscopy within 6 to 24 months and each had developed pigmented endometriotic lesions in previously 
nonpigmented but abnormal areas. Visualization of pigment is not necessary to diagnose endometriosis, 
and definition of its early, nonpigmented appearance keeps the clinical category of “unexplained infertility” 


exclusive. (AM J OBsTET GYNECOL 1986;155:1154-9.) 


Key words: Endometriosis, unexplained infertility, premenstrual spotting, laparoscopy 


Endometriosis is predominantly a disease of the pel- 
vic mesenchyme in which tissue with epithelial and 
stromal characteristics of endometrium develops in sit- 
uations other than within the body of the uterus. 
Through its response to ovarian hormones, endome- 
triosis may chemically change the female peritoneal pel- 
vic environment, although the exact mechanism by 
which endometriosis contributes to infertility when the 
adnexa are free of anatomic distortion is not obvious.’ 
There is much about endometriosis that is enigmatic, 
including its pathogenesis.” * 

The present study assumes that accurate diagnosis 
of minimal endometriosis is important in patients with 


infertility, although it does not address the question of 
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how infertility is brought about. We describe the mac- 
roscopic and microscopic features of nonpigmented 
peritoneal lesions that were diagnosed as endometriosis 
on biopsy and were found in patients who had the 
clinical features typical of endometriosis but in whom 
the usual endometriotic stigmas, which result from tis- 
sue bleeding and retention of blood pigment to pro- 
duce brown discoloration of tissue, were often absent. 
We show that visualization of pigment is an unduly 
restrictive requirement for the laparoscopic diagnosis 
of an endometriotic lesion. 


Material and methods 


Seventy-seven patients, who underwent laparoscopy 
for infertility (n = 70) or for other indications (n = 7) 
including pelvic pain and assessment for sterilization 
reversal were found to have peritoneal lesions that were 
not classically endometriotic (that is, there was no pig- 
mentation attributable to previous tissue bleeding) yet 
were manifestly different from normal peritoneum in 
appearance. Thirty-seven patients had other pig- 
mented lesions typical of endometriosis, whereas 40 
patients had only nonpigmented peritoneal lesions. Le- 
sions that qualified for attention were usually circum! 
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scribed and ranged from about 1 mm to a centimeter 
or more in diameter. No ovarian lesions have been con- 
sidered in the present study and all peritoneal lesions 
from which biopsy specimens were obtained were in 
the ovarian fossas, over the uterosacral ligaments, in 
the cul de sac, behind the bladder, or on the pelvic 
sidewall. 

The patients were a subset of those seen between 
June 1982 and September 1984 in an endocrine-infer- 
tility practice. The 70 patients with infertility comprised 
40 with primary and 30 with secondary infertility, each 
with a median duration of 3.5 years. A full medical 
history was obtained for all patients, including re- 
sponses to questioning for dysmenorrhea, deep dys- 
pareunia, and premenstrual spotting. 

Laparoscopies were performed with the patients un- 
der general anesthesia and with muscle relaxation and 
assisted ventilation; a 10 mm 45° Olympus A5213 lap- 
aroscope (Olympus Optical Co, Tokyo, Japan) was in- 
serted through a subumbilical abdominal wall punc- 
ture. A second puncture in the right iliac fossa was done 
for peritoneal fluid aspiration, adnexal manipulation, 
and peritoneal punch biopsy. Before biopsy, in some 
cases, laparoscopic photographs were taken with Ek- 
tachrome tungsten (ASA 160) color reversal film (East- 
man-Kodak, Rochester, New York) and an Olympus 
OMIN 35 mm camera, a Storz {70-140 mm camera 
adapter, and an Olympus CLE-F light source (Anax, 
Sydney, Australia). Laparoscopies and histologic ex- 
aminations were all carried out by R. P. S. J. and P. R., 
respectively. 

One hundred thirty-seven laparoscopic biopsies were 
taken of nonpigmented peritoneal lesions. Biopsy spec- 
imens were fixed in formalin, acetic acid, and alcohol, 
embedded in paraffin, step sectioned, and stained with 
hematoxylin and eosin, according to standard tech- 
niques. Individual lesions were classified as endome- 
triosis only if endometrium-like stromal cells showing 
proliferative activity or decidual differentiation were 
demonstrated, generally in association with epithelial 
glandular structures with endometrioid dif ferentiation. 


Results 


Laparoscopic and microscopic findings. Seventy- 
three of the 137 laparoscopic biopsy specimens of non- 
pigmented peritoneal lesions showed glands and stroma 
diagnostic of endometriosis and another 12 showed en- 
dometrium-like stroma alone. No such stroma or epi- 
thelial inclusions were found in 10 additional biopsy 
specimens of laparoscopically normal uterosacral liga- 
ments (p < 0.005, Fisher’s exact test); three of these bi- 
opsy specimens showed mesothelial cell proliferation 
alone and one biopsy specimen showed clusters of 
chronic inflammatory cells. Normal peritoneal mesen- 
chyme was noted to consist of loose fibromuscular con- 
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Fig. 1. Normal peritoneal mesothelium and subperitoneal 
mesenchyme, with random orientation of smooth muscle bun- 
dles and the presence of vascular channels. 


nective tissue beneath a serosa of inconspicuous squa- 
mous mesothelial cells (Fig. 1); smooth muscle cells 
were arranged in interdigitating bundles, randomly ori- 
ented to the serosal surface, and the intervening matrix 
contained relatively acellular collagenous tissue and a 
variety of small vascular and lymphatic channels. 
Several distinctive peritoneal appearances were 
noted at laparoscopy. White opacified peritoneum ap- 
peared as apparent peritoneal scarring or as circum- 
scribed patches, often thickened and sometimes raised 
(Figs. 2 and 3); endometriosis was demonstrated in 42 
of 52 (81%) biopsy specimens of such lesions. Red 
flamelike lesions, often raised above the peritoneal sur- 
face (Fig. 4), revealed endometriosis in 13 of 16 (81%) 
biopsy specimens. Glandular lesions, which in color, 
translucency, and consistency resembled the mucosal 
surface of the endometrium seen at hysteroscopy or 
after hysterectomy (Fig. 5), disclosed endometriosis in 
14 of 21 (67%) cases. Subovarian adhesions or adher- 
ence between ovary and peritoneum of the ovarian 
fossa (unaccompanied by peritubal adhesions charac- 
teristic of previous salpingitis or peritonitis) showed the 
diagnostic features of endometriosis in two of four 
cases. Yellow-brown patches of peritoneum, resembling 
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Fig. 2. Circumscribed and thickened patches of opacified white peritoneum above the left uterosacral 
ligament, approximately 8 mm in diameter. 


Fig. 3. Thickened white peritoneum in the right ovarian fossa, approximately 1 cm in diameter. 
Adjacent, more medial lesions (left side of figure) have a nodular, glistening appearance. 


Fig. 4. Raised glandlike lesions on the right ovarian ligament. The glassy, translucent tissue resembles 


normal endometrium in color and consistency. 


Fig. 5. Raised, red, flamelike lesion in the cul-de-sac, approximately 3 mm in diameter. 


Fig. 6. Vesicular superficial excrescences in the right ovarian fossa after oil-based hysterosalpin- 


gography. 


café au lait patches, proved to be endometriosis in nine 
of 19 (47%) cases. Circular peritoneal defects as de- 
scribed by Chatman‘ were endometriotic in five of 11 
(45%) cases, but peritoneum bearing multiple small sur- 
face defects and displaying a cribriform appearance 


showed endometriosis in only one of 11 (9%) cases, with 


several other biopsy specimens showing nonspecific in- 
flammatory infiltrates. 

Vesicular excrescences, loosely attached to the sur- 
face of the peritoneum ( Fig. 6), were foreign body giant 
cell reactions to oil-based salpingographic medium in 
each of five cases (Fig. 7). 
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Fig. 7. Large lipid-filled spaces circumscribed by a florid for- 
eign body giant cell reaction to oil-based hysterosalpingog- 
raphy contrast medium. 


Other histologic findings included nonspecific pig- 
mentation (n = 5), inflammatory reactions (n = 14), 
endosalpingiosis (n = 6), undifferentiated or nonde- 
script serosal epithelial inclusions (n = 4), and normal 
peritoneum (n = 17). In one case a small white nodule 
situated lateral to the tube revealed adrenal cortical rest 
tissue. More than one histologic abnormality was pres- 
ent in some biopsy specimens. 

Figs. 8 to 10 are representative photomicrographs of 
peritoneal nonpigmented endometriosis. 

Clinical correlations. Overt or biopsy-proved en- 
dometriosis was ultimately demonstrated in 59 patients, 
33 of whom had no observable pigmented lesions. In- 
creasing dysmenorrhea suggestive of active endome- 
triosis was present in 21 of the 33 (64%) patients with 
only nonpigmented lesions and in 21 of 26 (81%) pa- 
tients with additional, pigmented lesions. Acquired 
deep dyspareunia was a complaint of six (18%) patients 
with nonpigmented endometriosis and seven (27%) pa- 
tients with additional overt endometriotic lesions. 

Twenty-eight of the 59 patients with demonstrable 
endometriosis (48%) replied affirmatively to specific 
questioning on premenstrual spotting, whereas only 
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Fig. 8. Chronic inflammatory infiltrate adjacent to an isolated 
glandlike structure surrounded by endometrium-like stroma, 
consistent with microscopic endometriosis. 


two additional patients with premenstrual spotting 
were identified among the remaining 18 women (11%) 
who did not ultimately manifest endometriosis mor- 
phologically. Of the 30 patients with premenstrual spot- 
ting, 13 showed laparoscopic evidence of pigmented 
endometriotic lesions, whereas 15 of the remaining 17 
(88%) had endometriosis demonstrated on biopsy of 
nonpigmented lesions. Of the 47 patients without 
a clinical history of premenstrual spotting, 11 had 
laparoscopic evidence of pigmented endometriosis, 
whereas 18 of the remaining 36 (50%) had histologic 
confirmation of nonpigmented endometriosis. 

During the time of the study, 143 other patients with 
infertility and obvious endometriosis at laparoscopy 
were investigated. Most patients with pigmented en- 
dometriosis also had areas of nonpigmented endome- 
triosis, either contiguous with pigmented lesions or 
present as isolated areas of peritoneal abnormality, but 
overall 33 of 202 (15%) patients with endometriosis 
displayed only nonpigmented lesions at laparoscopy. 
Six patients who were not treated underwent a second 
laparoscopy 6 to 24 months after histologic diagnosis 
of nonpigmented endometriosis; each developed classic 
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Fig. 9. Active endometriosis showing a typical gland 
and adjacent stroma, with a focal histiocytic reaction but 
no evidence of hemosiderin to indicate previous hem- 
orrhage. 


pigmented endometriotic lesions in previously nonpig- 
mented but abnormal areas. Treatment consisted of 
cautery or, if lesions were extensive, danazol therapy 
for 6 months followed by further cautery; the results 
of treatment among infertile patients are to be reported 
separately. 


Comment 


Although a causal association between early perito- 
neal endometriosis and infertility has been questioned, 
a prospective study among patients treated in our hos- 
pital with artificial insemination using donor semen to 
treat axospermia has indicated a monthly probability 
of pregnancy, or fecundability, with minimal, untreated 
endometriosis of about one third to one sixth that 
found among women with completely normal laparo- 
scopic findings.’ Such a reduction in fecundability in 
the presence of apparently trivial endometriosis is in 
agreement with data showing a twentyfold greater than 
expected likelihood of infertility in association with 
mild to severe endometriosis’ and with prospective data 
among infertile women showing a monthly probability 
of conception of only 5.7% for mild endometriosis and 
3.2% for moderate endometriosis without specific treat- 
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Fig. 10. Active endometriosis with typical endometrioid glan- 
dular and stromal elements adjacent to normal subperitoneal 
mesenchyme. 


ment.’ We therefore reason that diagnosis and treat- 
ment of early endometriosis may be of benefit to women 
with infertility. 

Endometriosis most commonly affects the pelvic 
peritoneum close to the ovaries, including the utero- 
sacral ligaments, the ovarian fossa peritoneum, and the 
peritoneum of the cul-de-sac. The clinical diagnosis of 
endometriosis in a woman who presents with infertility 
may be suggested by symptoms of increasing dysmen- 
orrhea, deep dyspareunia,* and premenstrual spot- 
ting.” Confirmation of the diagnosis of endometriosis 
is generally considered to require visualization of en- 
dometriotic lesions at laparoscopy or laparotomy. 

In response to cyclic stimulation by ovarian estradiol 
and progesterone, endometriotic lesions show epithe- 
lial and stromal proliferation, variable secretory change 
and stromal pseudodecidual reaction, and periodic 
regression, all in a manner similar to (although usually 
to a less marked degree than) cyclic changes in normal 
endometrium." '' The dark, pigmented stigmas that 
compose the usual visual criteria for diagnosis of en- 
dometriosis are the late consequence of this cyclic 
growth and regression of the lesions, to the point where 
tissue bleeding and discoloration by blood pigment 
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have taken place. In the absence of the conspicuous 
occurrence of blood pigment, the diagnosis of endo- 
metriosis is likely to be missed and the accompanying 
infertility categorized as “unexplained.” 

We have shown that the existence of visible pigment 
is an unduly restrictive requirement for the diagnosis 
of endometriosis. Several distinctive appearances of 
nonpigmented endometriotic peritoneal lesions are de- 
fined. In order of frequency these include: (1) white 
opacification of the peritoneum, with or without thick- 
ening; (2) glandular excrescences on the peritoneal sur- 
face, which in color, translucency, and consistency 
closely resemble normal endometrium (as seen at hys- 
teroscopy or on inspection of the opened uterus at hys- 
terectomy); (3) red flamelike lesions of the peritoneum, 
often raised above the peritoneal surface; and (4) iso- 
lated or otherwise unexplained adhesions between the 
undersurface of an ovary and the peritoneum of the 
ovarian fossa. 

Other peritoneal lesions or irregularities occasionally 
yield a diagnosis of endometriosis on biopsy but are 
more likely to show one of a variety of other histologic 
patterns, including serosal inclusions (undifferentiated 
or nondescript epithelium unaccompanied by endo- 
metrium-like stroma), endosalpingiosis with or without 
psammoma bodies (microcalcification), chronic inflam- 
matory lesions, epithelial surface metaplasia, and, lat- 
eral to the adnexa, small rests of adrenal cortical tissue. 
An important phenomenon to be distinguished from 
nonpigmented endometriosis is the occurrence of mul- 
tiple vesicular excrescences that represent a peritoneal 
foreign body reaction to oil-based contrast medium 
used for hysterosalpingography; biopsy and histologic 
examination are especially useful in making this dif- 
ferential diagnosis, as the two lesions can coexist in 
previously investigated infertile women. 

In six cases with observation but no treatment, non- 
pigmented lesions from which biopsy specimens were 
taken progressed to typical pigmented endometriotic 
stigmas within the course of 6 to 24 months, confirming 
the existence of a biologic continuum between nonpig- 
mented and pigmented endometriotic lesions. The 
wide range of peritoneal histologic abnormalities found 
in the course of the present study, together with the 
documented progression of nonpigmented to pig- 
mented endometriotic lesions, in our opinion favors the 
serosal metaplasia theory of Meyer over the implan- 
tation theory of Sampson in the etiology or develop- 
ment of most cases of peritoneal endometriosis. 

The association between early, nonpigmented en- 
dometriosis and the same (possibly prostaglandin-re- 
lated) symptoms that characterize classic endometriosis 
suggests first that such nonpigmented endometriosis 
can be etiologically important in infertility. Premen- 
‘strual spotting was present in 30 of 77 patients in the 
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present series, 13 of whom had typical pigmented en- 
dometriotic stigmas but in 17 of whom there were no 
pigmented endometriotic lesions. Fifteen of these 17 
(88%) nevertheless had histologic endometriosis de- 
monstrable on biopsy of nonpigmented lesions and, in 
the absence of pigmented endometriosis at laparoscopy, 
the symptom of premenstrual spotting was thus highly 
predictive of histologically identifiable endometriosis. 
In the absence of premenstrual spotting, however, 
endometriosis was not excluded. Patients with dem- 
onstrated infertility and only nonpigmented endome- 
triotic lesions were almost as likely as patients with pig- 
mented endometriotic lesions to complain of dysmen- 
orrhea and acquired dyspareunia. 

Second, in classifying the severity of endometriosis, 
the similarity between symptoms in patients with 
nonpigmented endometriosis and those with mild 
pigmented endometriosis suggests that these lesions 
should receive the same consideration. All the cases 
reported here would have been categorized as “mini- 
mal” endometriosis in the 1985 American Fertility So- 
ciety classification of endometriosis." 

We conclude that definition of the pathology of early, 
nonpigmented endometriosis is likely to be useful clin- 
ically in the management of otherwise unexplained in- 
fertility. 
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An analysis of the characteristics of the electromyogram 


recorded from the mesometrium in the ovariectomized 
nonpregnant ewe and its similarities with and differences from 
the electromyogram obtained from the myometrium: 


The effect of estrogens 


G. Yarrington, B.A., J. P. Figueroa, M.D., A. Massmann, M.D., I. Kassis, M.D., and 


P. W. Nathanielsz, M.D., Ph.D. 
Ithaca, New York 


Mesometrial and myometrial electromyograms have been recorded from ovariectomized nonpregnant 
ewes. After infusion with saline solution, the frequency of electromyographic events lasting <180 seconds 
in the myometrium was not different from the frequency of their occurrence in the mesometrium. During 
infusion of estradiol at 100 ug/24 hours, the frequency of events <180 seconds increased significantly in 
the myometrium but was unchanged in the mesometrium. Contracture activity (electromyographic events 
lasting more than 180 seconds) was significantly greater in the mesometrium than in the myometrium 
before estradiol administration. During estradiol infusion, contracture activity remained unchanged. These 
findings suggest that the mesometrial muscle may be a useful model to study the effects of various 
stimulators and inhibitors of uterine muscle function in the absence of stretch and local paracrine effects 
that occur in the uterus itself. (Am J OssteT GYNECOL 1986:155:1 160-4.) 


Key words: Electromyogram, mesometrium, myometrium, ovariectomy, estrogens 


The portion of the broad ligament attached to the 
uterus is called the mesometrium. During catheteriza- 
tion of arteries and veins in the mesometrium of both 


pregnant and nonpregnant sheep, we became aware of 


and interested in the function of the abundance of the 
loosely connected smooth muscle fibers in the meso- 
metrium. These fibers, which are particularly obvious 
close to the insertion of the mesometrium into the body 
of the uterus, appear to run mostly in one direction. 
They are said to be continuous with the longitudinal 
muscle layer of the myometrium. | 

Several groups of investigators have described the 
characteristics of the in vivo electromyogram recorded 
from the whole myometrium in the sheep and other 
species in both the pregnant and the nonpregnant 
state.~'' The aim of the present study was to determine 
the characteristics of electromyographic activity of the 
mesometrial muscle layer in the ovariectomized non- 
pregnant ewe and to compare it with the electro- 
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myogram recorded from the body of the uterus. 
Mesometrial and myometrial electromyographs were 
recorded both before and during the continuous in- 
travenous administration of estradiol to the ewe. If dif- 
ferences exist between the mesometrium and myo- 
metrium, they may throw light on the differential con- 
trol and activity of circular and longitudinal muscle in 
the uterus. In addition mesometrial muscle activity may 
be less affected by local paracrine effects within the 
uterus and interactions between the two muscle layers. 


Material and methods 


Experimental animals and surgical procedures. 
Seven nonpregnant Rambouillet-Columbia ewes were 
used in the study. Ewes were premedicated with 800 to 
900 mg of ketamine and 0.5 mg of glycopyrrolate ad- 
ministered intramuscularly. Bilateral ovariectomy was 
carried out in all ewes under halothane anesthesia. At 
least 5 days was allowed to elapse after operation before 
any infusions were begun. Polyvinyl catheters (1.8 mm 
outside diameter, 1.02 mm inside diameter) were in- 
serted into one uterine vein on each side through an 
entry point near the tip of the uterine horn. The cath- 
eters were passed 15 cm in the direction of the inferior 
vena cava so that the tip of the catheter lay in the main 
uterine vein. Catheters were also placed in one jugular 
vein and carotid artery. A fifth vascular catheter was 
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Fig. 1. Diagrammatic representation of nonpregnant uterus to show the location of electrodes. Both 
ovaries were removed at the operation for implantation of the electromyogram electrodes. 





Fig. 2. Full-thickness section of mesometrium showing smooth muscle fibers running in one direction 


only. 


placed in the femoral artery on one side and advanced 
30 cm into the dorsal aorta. 

Myometrial electromyographic electrodes were fab- 
ricated as described previously.* Four pairs of elec- 
trodes were placed. Two pairs were sewn into the me- 
sometrial muscle just lateral to its junction with the 
uterine body and one pair into each uterine horn at a 
point on the half of the horn proximal to its junction 
with the body. In each pair, the electrodes were 2 to 3 
mm apart (Fig. 1). 

Infusions. All vascular catheters were continuously 
infused with physiologic saline solution (0.9% w/v) con- 
taining 50 U of heparin per milliliter at a rate of 0.5 
ml/hr. When estradiol was infused, it was administered 
to the maternal jugular vein in a solution of 2.5% eth- 
anol in physiologic saline solution (v/v) at a rate of 100 
ug of estradiol per 24 hours in 39 ml per 24 hours. 

Recording of electromyographic signals and data 
analysis. Electromyographic signals were recorded and 
Stored on a custom-built data acquisition system as pre- 


viously described.” Individual epochs of activity were 
analyzed for duration and total activity with the use of 
a 2-hour running mean to set the threshold for distin- 
guishing signal from noise and a 16-second delimiter 
to determine when an epoch was completed. The elec- 
tromyographic recordings were made continuously and 
analyzed in 6-hour time blocks. In order to relate the 
present studies to our findings in the pregnant sheep, 
we divided epochs of electromyographic activity re- 
corded in this study into those of <180 seconds’ du- 
ration and epochs of activity >180 seconds’ duration 
(contractures).’ Thirty to 54 hours of data was analyzed 
for each animal without estradiol administration and 
60 to 78 hours of data during estradiol administration. 
No data from estradiol-treated animals were analyzed 
in the first 24 hours of estradiol administration. Data 
throughout are given as mean + SD. 

Statistical analysis methods. Data were analyzed on 
the basis of number of events in 6-hour time intervals. 
Each sheep had recordings available from at least five 
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Fig. 3. Electromyogram from a bilaterally ovariectomized non- 
pregnant ewe infused with saline solution. A, Myometrium of 
right horn; B, mesometrium of right side; C, mesometrium 
of left side; D, myometrium of left horn. 


continuous 6-hour time intervals. The maximum was 
13. The data for individual 6-hour time intervals for 
each sheep were averaged to give one data point for 
the full period of study on that animal either with es- 
tradiol infusion or with saline solution infusion. The 
overall mean + SD for the seven sheep was calculated 
from these individual sheep data points. Means were 
compared by the two independent sample ¢ test for the 
periods with estradiol infusion and without estradiol 
infusion. 

Histologic methods. Mesometrial tissue (approxi- 
mately 3 cm?) was excised at euthanasia and immedi- 
ately washed well in 0.1 mol/L phosphate-buffered sa- 
line. After most blood was removed, the tissue was 
immersion fixed in 0.05 mol/L phosphate-buffered 
Zambonzr’s fixative. After fixation, the tissue was frozen 
on a platform and sectioned at 30 ym with a sliding 
microtome (AO Reichert) in two planes at right angles 
representing both longitudinal and cross sections of 
the tissue as it had been at its original location in the 
mesometrium. Sections were transferred to phosphate- 
buffered 5% sucrose to equilibrate overnight. Sec- 
tions were mounted on chromalum-treated slides di- 
rectly from alcoholic gelatin. The slides were air dried 
overnight. Sections were stained with cresylecht violet 
(Robo Z), differentiated in acetic acid and 95% ethanol, 
dehydrated in alcohol, cleared in xylene, and covered 
with Permount coverslips. The purpose of this proce- 
dure was to identify the direction of the muscle fibers: 
the choice of fixative was to allow us to process the 
tissue further with immunocytochemical techniques. 


Results 


Histologic appearances of the mesometrium: Di- 
rection of muscle fibers. The muscle fibers in the 
mesometrium ran in only one direction as shown in 
Fig. 2. This direction generally conformed to that of 
the longitudinal muscle in the body of the uterus. 

Nature of electromyographic recordings from the 
mesometrium. The locations of the mesometrial and 
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Fig. 4. Electromyogram from the same ewe as depicted in 
Fig. 3 after 48 hours of estradiol infusion to the jugular vein 
at 100 pg/24 hr. A, Myometrium of right horn; B, mesome- 
trium of right side; C, mesometrium of left side; D, myome- 
trium of left horn. 


myometrial electrodes are shown diagrammatically in 
Fig. 1. Fig. 3 shows the integrated electromyogram 
from the right and left mesometrium and the right and 
left uterine horns in a nonpregnant ewe infused with 
saline solution only. Regular bursts of electromyo- 
graphic activity recurring at 10- to 15-minute intervals 
and lasting several minutes are seen in both mesome- 
trial leads. Very little activity was present in the uterine 
horns. During estradiol infusion into the ewe, activity 
was increased significantly in the myometrium (Fig. 4). 

Comparison of mesometrial and myometrial elec- 
tromyograms in the nonpregnant ovariectomized ewe. 
Table I contains the means + SD for number of short 
(<180 seconds’ duration) and long (>180 seconds’ du- 
ration) epochs occurring in the mesometrium and myo- 
metrium without and with estradiol administration. 

Short-duration epochs. In the absence of estradiol ad- 
ministration there was no significant difference in the 
frequency of short epochs between the mesometrium 
(126 + 49) and the myometrium (154 + 109). During 
estradiol infusion, the frequency of short epochs in the 
myometrium was significantly increased from 154 + 
109 to 408 + 221 (p < 0.00001) while they were not 
significantly increased in the mesometrium (126 + 49 
without estradiol and 152 + 142 with estradiol). How- 
ever, during estradiol infusion, the frequency of short 
epochs was significantly greater in the myometrium 
(408 + 221) compared with that of the mesometrium 
(152 + 142) (p< 0.0001). 

Contracture activity. In the absence of estradiol, con- 
tracture activity was significantly more frequent in the 
mesometrium than in the myometrium (7.7 + 3.1 com- 
pared with 3.2 + 2.0) (p < 0.01). During estradiol ad- 
ministration, contracture frequency did not change 
significantly in the myometrium (3.2 + 2.0 to 2.4 + 
1.9) (p = 0.5) or in the mesometrium (7.7 + 3.1 to 
8.1 + 2.1) (p = 0.8); however, mesometrial contra¢- 
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Table I. Frequency of electromyographic epochs of <180 seconds’ and >180 seconds’ duration per 6-hour 
period, recorded from seven ovariectomized nonpregnant sheep without and with estradiol infusion 


at 100 ug/24 hr 


7.7 + 3) 
8.14 2.1. 


126 + 49 
152 + 142 


Without estradiol 
With estradiol 


Myometrium 
7 154 + 109 3.2 = 2.0 7 
7 408 + 22] 2.4 = 1.9 7 





Data during estradiol administration were obtained after at least 24 hours of infusion. n refers to number of animals. 


ture frequency remained significantly higher than the 
frequency in the myometrium (p < 0.01). 


Comment 


The mesometrium demonstrated regular electro- 
myographic activity tn all seven ovariectomized non- 
pregnant ewes studied. This electromyographic activity 
exhibited both similarities to and differences from the 
electromyograms recorded simultaneously from the 
myometrium. In the absence of estradiol treatment 
there was no difference in the frequency of short ep- 
ochs, but at the recording sites chosen the mesome- 
trium demonstrated significantly more contracture ac- 
tivity than the myometrium. During estradiol treatment 
the major change in the myometrium was that activity 
became more predominantly of the short-epoch type. 
There were no significant changes in the electromyo- 
grams recorded from the mesometrium during estra- 
diol infusion. | E 

We have unpublished data to suggest that 100 wg of 
estradiol per day is a supramaximal dose in regard to 
the myometrial electromyographic changes. This con- 
clusion is supported by the data of Windmoller et al.," 
who found little difference in the generation of intra- 
uterine pressure cycles after infusion of estradiol at 
100 ug or 1 mg per day. At an infusion rate of 100 
wg/24 hr arterial plasma estradiol concentrations in the 
ewe were 56 pg/ml and at 1 mg/24 hr they were 162 
pg/ml. 

There are several possible explanations of the mech- 
anisms underlying these differences between the me- 
sometrium and the myometrium. It is possible that the 
changes in the other uterine tissues, such as the en- 
dometrium, result in local paracrine effects on the mus- 
cle fibers in the uterus that do not occur in the meso- 
metrium. Local prostaglandin production by the tissues 
lining the uterine cavity might be one such mechanism. 

The mesometrial electromyographic signal has many 
similarities with the contracture pattern changes in elec- 
tromyograms and intrauterine pressure described in 
the pregnant ewe.'’? The most characteristic features 
are the duration of the individual epochs and the pres- 
ence of relative quiescence between epochs of activity. 
During administration of estrogen at high dosages, the 


interval between contractures contains less activity in 
the mesometrium than in the myometrium (Fig. 4). 

In the absence of estradiol infusion the amplitude of 
the signal recorded in the mesometrium was always 
larger than that in the myometrium, at least twice and 
occasionally up to 10 times as large. This difference 
was less obvious with estrogen replacement. Local para- 
crine effects may be responsible for these differences. 
Inhibitory effects of products of other uterine tissues 
may not exert themselves on the mesometrium. For 
example prostacyclin has been shown to inhibit uterine 
activity.” Alternatively, the greater amplitude signal 
may reflect differences in the density of muscle fibers 
in the mesometrium and myometrium. 

Histologically the mesometrial fibers run in one di- 
rection, and it has been suggested that they are contin- 
uous with the longitudinal fibers of the uterus. If in- 
deed the mesometrial activity is controlled in a manner 
similar to that of longitudinal myometrial muscle ac- 
tivity, investigations on the characterization and control 
of the muscle fibers in the miesometrium may assist in 
determining the differences between circular and lon- 
gitudinal muscle. The function of circular muscle has 
been studied in vitro in the sheep” and the rat,” but 
in vivo studies of the two layers within the myometrium 
are difficult because of the proximity of the layers. 

In conclusion we suggest that electrophysiologic, 
electron microscopic, and tissue studies on the function 
of the muscle fibers in the mesometrium may be of use 
in differentiation of the relative functions of the dif- 
ferent uterine muscle layers both in vivo and in vitro. 
For example a detailed study of the mesometrium could 
provide important information on the development, 
regulation, and physiologic significance of changes in 
gap junctions described in late pregnancy.'* In addition, 
the mesometrium may prove easier to transplant than 
the uterus and may provide a useful model to inves- 
tigate the effect of uterine innervation and the relative 
importance of neural humoral and local paracrine 
factors. 


We would like to thank Karen Rasche for her help 
with the manuscript. We acknowledge the skilled his- 
tologic assistance of Michael Smith. 
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In chronically instrumented pregnant ewes we studied the systemic, uterine, and fetal effects of increased 
uterine venous pressure with and without simultaneous changes in cardiac output, by occluding either the 
inferior vena’ cava or both uterine veins. Increased uterine venous pressure with no reduction in venous 

return of blood to the heart resulted in a reflex increase in arterial blood pressure. infrarenal obstruction of 


the inferior vena cava resulted in a moderate reduction in venous return and cardiac output with no 
change in arterial blood pressure, while suprarenal obstruction of the inferior vena cava caused a major 
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decreased with suprarenal obstruction of the inferior vena cava, when uterine blood flow fell more than 
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’ Humans are unique in that they spend most of their 
time in either the upright or the supine position, even 
in late pregnancy. These positions are relatively. unfa- 
vorable for venous return of blood to the heart and 
result in an increase in venous pressure in the lower 
parts of the body, including the uteroplacental vascular 
bed. 
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Venous pressure is known to induce systemic and 
local reflex actions in several tissues. Low-pressure 
baroréceptors (for instance, in the liver and vena cava) 
can alter sympathetic efferent nerve activity to the kid- 
neys and to the cardiopulmonary region and may se- 
lectively alter cardiac contractility.’ Locally, elevation of 
venous pressure may elicit an arteriolar constriction 
(for instance, in muscle}.? It is not known whether such 
reflex actions occur during pregnancy in response to 
increased uterine venous pressure. However, such ef- 
fects could be (patho)physiologically important by af- 
fecting uterine perfusion pressure and/or vascular re- 
sistance. 

This study was designed to investigate the role of 
systemic and local effects of increased uterine venous 
pressure. In chronically instrumented pregnant ewes 
we partially occluded either the inferior vena cava or 
both uterine veins and measured systemic and local 
hemodynamic effects as well as fetal responses. 


Material and methods 


Animals, Twelve Texel ewes were studied with sin- 
gleton (n = 6) or twin (n = 6) pregnancies of 116 to 
135 days’ gestation (term 147 days) at the time of the 
pence At autopsy mean maternal weight was 
56.2 + 2.5 (SE) kg, and mean total -fetal weight was 
4.2 + 0.4 kg. All animals appeared healthy and un- 
stressed at the time of the experiments. The ewes were 
fed a mixture of alfalfa pellets and hay as desired. The 
animals were taken off food 12 hours before operation 
but water remained. available. 

Operation. After inducton of anesthesia with ketam- 
ine hydrochloride (1000 mg), atropine (0.5 mg), and 
sodium pentobarbital (300 mg) intravenously, the ewes 
were intubated. Throughout operation they were ven- 
tilated with a mixture of nitrous oxide (4 L) and oxygen 
(2 L) supplemented by enflurane (0.5 to 2 ml/100 ml). 

After hysterotomy two catheters were inserted into 
the fetal descending aorta via vessels in the hind limbs 
and one into the amniotic sac, and the uterus was 
closed. In the case of twins only one fetus was instru- 
mented. Two methods were used to obstruct both main 


uterine veins. In six animals modified Fr 8 silicone Foley | 


catheters (Searle Medical Products, Dallas, Texas) were 
introduced into a branch of both the left and right main 
uterine veins and advanced until the balloons were lo- 
cated approximately 7 cm distal to the junction of the 
uterine veins and the inferior vena cava, as verified by 
palpation. These catheters had an opening 2 cm prox- 
imal to thé balloon, for.blood sampling and pressure 
recording; distal to this opening the lumen was oc- 
cluded. The sampling and inflation lumina of the cath- 
eter were extended by polyvinyl catheters (1.5 mm out- 
side diameter, length 1.5 m), filled with heparinized 
saline solution. In four, animals cuff occluders of ap- 
propriate size (16 to 18 mm inside diameter) were 
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placed around both main uterine veins and secured to 
adjacent tissue. In the latter animals cervical and ovar- 
ian venous collaterals were ligated, without aiming at 
completeness, and silicone sampling catheters (0.5 mm 
inside diameter) were introduced into a branch of both 
the left and right uterine veins and advanced until the 
tip was located approximately 2 cm proximal to the 
occluder, as verified by palpation. Precalibrated right- 
angled electromagnetic flow probes (Skalar Instru- 
ments, Delft, The Netherlands) of appropriate size (5 
to 7 mm inside diameter) were placed around the left 
and right middle uterine arteries and nxed to adjacent 
tissue. A polyvinyl catheter (1.5 mm outside diameter) 
was inserted into the maternal aorta via the femoral 
artery through a left groin incision. To obstruct the 
inferior vena cava, an Fr 14 silicone Foley catheter with 
an occluded sampling opening was introduced into the 
femoral vein in nine animals. In six ewes the balloon 
was advanced and positioned approximately 5 cm be- 
low the right renal vein, while in three others the bal- 
loon was placed between the left renal vein and the 
liver. The location was verified by palpation and the 
catheters were secured in place. The leads and catheters 
were passed subcutaneously through a stab wound in 
the flank into a nylon pouch attached to the skin, and 
the incisions were closed. 

Subsequently a Swan-Ganz flow-directed thermodi- 
lution catheter (93A-301-7F, Edwards Laboratories, 
Santa Ana, California) was introduced into the right 
jugular vein through a neck incision. With guidance by 
the pressure recording, the tip of the catheter was ad- 
vanced into the pulmonary artery until in a wedge po- 
sition. The catheter was secured in place, and the skin 
was Closed. 

The catheters were flushed daily with 2 ml of saline 
solution containing | U/ml of heparin. The positions 
of the catheters and flow probes were verified by pal- 
pation and visual inspection at autopsy. 

Experiments. The experiments were commenced 4 
to 6 days after operation. Uterine blood flow was mea- 
sured continuously from the probes around both mid- 
dle uterine arteries with electromagnetic flowmeters 
(TransHow 601, MDL 400, Skalar Instruments), with 
the use of factory calibration values that were verified 
to have <5% error. Blood pressure recordings were 
taken from the maternal aorta, the uterine vein on the 
side of the instrumented fetus, and the fetal aorta, with 
the use of pc amplifiers, pressure transducers, and a ré- 
corder (Models 13-4615, P23, and 2800, Gould, Cleve- 
land, Ohio); the pressure transducers were placed 15 
cm below the level of the spines. Maternal and fetal 
heart rates were taken from the arterial pressure pulse. 
A magnetic tape recorder (Analog 7, Philips, Eind- 
hoven, The Netherlands) was used to store the data; 
l-minute average values of all variables were calculated 
by computer (PDP 11/70 BMDP Digital, Bedford, Mas- 
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io I. Systemic hemodynamic effects of venous obstruction 





Control 13127 88.8 + 3.4 
Obstruction of 12627 79.6 + 6.1 
vena Cava i 
Recovery 128 + 7 88.9 + 4.0 
Control 10 114+7 91.6 + 2.7 
Obstruction of 120 + 7t 99.7 + 3.6% 

uterine veins 
Recovery 1197 92.9 + 2.7 


Values are méans + SE. 

*p < 0.01 compared with control value. 
tp < 0.05 compared with control value. 
tn = 6. 


Cardiaz output 


Heart rate Arterial pressure 
(bpm) (mm Hg) 













Systemic resistarce 
(mm Hg -min ` ke/ml) 





Stroke volume 
(mliminikg) 


(mliminikg) 


154 + 12 1.23 + 0.10 0.573 + 0.05% 
110 + 8* 0.91 + 0.07% 0.681 + 0.049% 
150 + 11 1.24 + 0.08 0.572 + 0.034 
152 + 7 1.20 + 0.114 0.554 + 0.048 
159 +8 1.28 + 0.15 0.585 + 0.042 
I6} + 12 1.26 + 0.16 0.536 + 0.049 


Table II. Uterine Sa a A effects of venous obstruction 







Control 88.8 + 3.4 8.0 + 0.9 

Obstruction of 79.6 + 6.1 sot + 3.5* 
vena cava 

Recovery 88.9 + 4.0 14:2 13 

Control 10 91.6 + 2.7 8.8 > 1.I 

Obstruction of 99.7 + 3.6* 13.6 + 1.9* 
uterine veins 

Secu 92.9 + 2.7 8.7 1.3 


Values are means + SE. 
*p < 0.01 compared with control value. 
tp < 0.05 compared with control value. 


sachusetts). Cardiac output was measured at predeter- 
mined intervals by thermodilution with the use of a 
cardiac output computer (Cardiac Research Labora- 
tory, Erasmus University, Rotterdam, The Nether- 
lands); the volume injected was 10 ml and the temper- 
ature 0° C; the K factor was 0.825. Measurements were 
made in triplicate, and median values were used for 
calculations. At the same intervals, 1 ml blood samples 
were drawn from the maternal aorta, the uterine vein 
on the side of the instrumented fetus, and the descend- 
ing aorta of the fetus. The samples were analyzed in 
duplicate for respiratory blood gas pressures, pH, oxy- 
gen saturation, and hemoglobin concentration (ABL 3 
and OSM2 hemoximeter, Radiometer, Copenhagen, 
Denmark), and mean values were used for calculations. 

In each animal we determined the balloon volume(s) 
necessary to increase uterine venous pressure by ap- 
proximately 10 mm Hg, by gradually inflating the bal- 
loons or cuffs with saline solution. Subsequently the 
systemic, uterine, and fetal responses were studied dur- 
ing short-term (10 minutes) partial occlusion of (1) the 
inferior vena cava or (2) both uterine veins, with the 
balloon(s) inflated with the predetermined volume(s). 
Five-minute mean values were calculated of flows, pres- 





Uterine resistar-ce 
(mm Hg > mn - kz/ml) 





80.8 + 3.1 252 + 30 0.362 + 0.0£0 
57.1 + 8.1+ 146 + 23+ 0.424 + 0.070 
81.3 + 3.5 212 + 24 0.430 + 0.0€1 
82.3 + 2.7 192 + 14 0.439 + 0.047 
85.3 + 4.6 188 + 19 0.498 + 0.082 
84.1 + 2.5 19] + 22 0.425 + 0.0€0 


sures, and heart rates obtained at 5 to 0 minutes before 
occlusion, during 6 to 10 minutes of occlusion, and 
from. 6 to 10 minutes after occlusion; cardiac Dutput 
measurements and blood samples were taken during 
the same periods. One or more of the occlusions were 
repeated on separate occasions, up to six times (mean 
1.8 times) in each ewe. Because no systematic differ- 
ences in response could be demonstrated between sub- 
sequent runs of any of the occlusion regimens m each 
ewe, only the first run of each type of occlusion was 
used for further statistical analysis. | 

Calculations and analysis. Uterine blood flow was 
normalized for total fetal weight and cardiac output, 
stroke volume, and total peripheral resistance for ma- 
ternal weight. 

From the control measurements, experimental mea- 
surements, and paired differences between experi- 
mental and control values, mean values, SD, and SE of 
the means were calculated for each variable und=r con- 
sideration; differences between means were statistically 
tested by the paired é test. A p value of <0.05 was taken 
to represent statistical significance. The suprarenal-in- 
frarenal and internal-external occlusion subgroups 
were too small to allow statistical comparison. . 
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Results 


Occlusion resulted in an instantaneous increase in 
uterine venous pressure in all cases, which persisted 
throughout the occlusion period and decreased rapidly 
when the balloons were deflated. However, with caval 
occlusion the pressure increase could not be accurately 
titrated by increasing the volume of the balloon because 
at a critical volume venous pressure tended to rise rap- 
idly and uncontrollably, in particular when the inferior 
vena cava was occluded above the level of the kidneys. 
Increasing the volume of the uterine venous balloon 
occluders produced a more gradual pressure rise. 

Systemic effects. Table I summarizes the calculated 
absolute values and Fig. 1 the percent changes of the 
maternal systemic hemcdynamic effects of short-term 
partial occlusion of the inferior vena cava and the uter- 
ine veins. 

When the vena cava was obstructed, cardiac output 
showed a mean fall of 25%, as a result of a decrease in 
stroke volume with no change in heart rate. Because 
arterial blood pressure did not change significantly, the 
calculated systemic vascular resistance increased by 
21%. Although the effects were largely similar in trend, 
suprarenal obstruction of the vena cava produced more 
pronounced effects than did infrarenal obstruction: 
heart rate, —12% (suprarenal obstruction) versus 
+12% (infrarenal obstruction); arterial pressure, 
-24% versus —4%; cardiac output, —37% versus 
— 20%; stroke volume, — 30% versus — 22%; calculated 
systemic resistance, — 19% versus — 22%. 

Obstruction of both uterine veins did not significantly 
affect mean cardiac output or stroke volume, while 
heart rate increased only slightly (Table I, Fig. 1). Ar- 
terial blood pressure, however, increased significantly 
within 11.1 + 0.7 seconds after the onset of the venous 
pressure rise, to reach a 9% higher level. The concom- 
itant slight increase in calculated systemic vascular re- 
sistance, from 0.554 + 0.043 to 0.585 + 0.042, was not 
statistically significant. In the group of animals in which 
occlusion of both uterine veins was obtained by external 
cuff occlusion, cardiac output measurements could not 
be obtained as a result of technical problems. In the 
animals with ligated collaterals, baseline arterial blood 
pressure was elevated to 97.6 + 1.3 mm Hg (versus 
87.6 + 3.6 mm Hg in the balloon-occluded animals). 
Occlusion of the uterine veins resulted in a further 
5.9% increase in arterial pressure in all animals, to 
103.3 + 1.6 mm Hg. i 

In all occlusion experiments, the systemic hemody- 
namic variables rapidly returned to control values after 
deflation of the balloonis). 

Uterine effects. Table II summarizes the calculated 
absolute values and Fig. 1 the percent changes of the 
uterine hemodynamic effects in response to venous ob- 
struction. 


Caval and uterine venous occlusion 1167 


140 
VENA CAVA 


OBSTRUCTED 


UTERINE VEINS 
OBSTRUCTED 


139 


Lad 


28 


+ 
àP UQIUR A H i 


IR AP CO SV 0 
TI] a5 
30 
gg 
oe 


% CONTROL 
= 
bd 


70 
“x 
ae 


60 


et 


Fig. 1. Percent changes of systemic and uterine hemodynamic 
effects of caval and uterine venous obstruction. HR, Heart 
rate; AP, arterial pressure; CO, cardiac output; SV, stroke 
volume; SR, systemic vascular resistance; AP, uterine perfu- 
sion pressure; UQ, uterine blood flow; UR, uterine vascular 
resistance. Values are means + SE. 


When the vena cava was occluded, uterine perfusion 
pressure decreased immediately by 24%, as a result of 
an increase in venous pressure and a decrease in arterial 
pressure. Simultaneously, uterine blood flow decreased 
by 37%. Consequently uterine vascular resistance in- 
creased by 17%, which was not statistically significant. 
Again the observed changes were more pronounced 
when the vena cava was occluded above the level of 
the kidneys as compared with occlusion below the 
renal veins: uterine perfusion pressure, —57% (su- 
prarenal occlusion) versus —15% (infrarenal occlu- 
sion); blood flow, — 70% versus —21%; resistance, 
+ 32% versus +9%. 

Partial occlusion of the uterine veins did not signif- 
icantly affect uterine perfusion pressure, because the 
increase in venous pressure was accompanied by an 
equivalent increase in arterial blood pressure. Because 
uterine blood flow was also unaffected, uterine vascular 
resistance was not significantly different from control 
values. In the group of animals with external cuff oc- 
cluders around both uterine veins and ligated collat- 
erals, baseline uterine venous pressure was increased 
to 12.1 + 1.4mm Hg (versus 7.4 + 1.0 mm Hg in the 
balloon-occluded group). As noted above, baseline ar- 
terial blood pressure was also increased in this group, 
to 97.6 + 1.3 mm Hg (versus 87.6 + 3.6 mm Hg), so 
that uterine perfusion pressure was unaffected or even 
slightly elevated (85.5 + 2.1 versus 80.2 + 3.8 mm 
Hg). However, baseline uterine blood flow in these an- 
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Fig. 2. Uterine pressure-flow relationship. y = 0.84 x + 6.5, 
= 0.79, p = 0.0001. 


imals was low, 153 + 25 ml/min/kg as compared with 
199 ml/min/kg in the balloon-occluded group. External 
occlusion caused a small rise in arterial pressure in all 
four animals. The changes in mean arterial pressure, 
uterine perfusion pressure, blood flow, and vascular 
resistance were small as compared with those in the 
balloon-occluded group, but the trends were similar. 

Fig. 2 demonstrates that the relationship between 
uterine perfusion pressure and blood flow is linear, 
close to the line of identity, and independent of the 
type of occlusion. 

Uterine blood flow remained somewhat depressed 
(—25%) during the 10-minute recovery from supra- 
renal occlusion. After the other types of occlusion re- 
covery was fast and virtually complete within minutes. 
Despite a moderate reduction in uterine blood flow 
during infrarenal vena caval obstruction, uterine oxy- 
gen consumption was maintained because oxygen ex- 
traction increased by 19%, from 33% + 6% to 
38% + 5%, and arterial hemoglobin concentration 
rose by 5%, from 9.2 + 0.6 to 9.6 + 0.6 gm/100 ml. 
Obstruction above the level of the kidneys resulted in 
such a pronounced reduction in uterine blood flow that 
uterine oxygen consumption diminished by 75%, de- 
spite an 83% increase in extraction. Oxygen consump- 
tion recovered completely within 10 minutes after de- 
flation of the balloon. 

Uterine venous occlusion did not produce any sig- 
nificant changes in uterine blood flow, arterial hemo- 
globin concentration, or uterine oxygen extraction, and 
consequently uterine oxygen consumpuon was unaf- 
fected. 

Fetal effects. Obstruction of the vena cava above the 
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level of the kidneys produced a marked decrease in 
uterine blood flow and oxygen consumption, ard fetal 
oxygen tension dropped from 26.6 + 3.8 to 17.4 + 4.0 
torr, while the hydrogen ion concentration increased 
from 45.5 + 0.5 to 63.5 + 13.4 mmol/L. In ccntrast, 
only minor changes were observed in fetal resperatory 
blood gas values in response to infrarenal vena caval 
and uterine venous obstructions. 


Comment 


Systemic effects. The supine position in third- 
trimester human pregnancy is associated with a reduc- 
tion in cardiac output and stroke volume without 
marxed changes in heart rate and arterial pressure.* ' 
The reduction in cardiac output appears to be largely 
a result of reduced venous return of blood to the heart 
by the pregnant uterus obstructing the infericr vena 
cava.” ê This is most obvious in the supine hypotensive 
syndrome, characterized by hypotension and brady- 
cardia. Scott and Kerr* ° withdrew a catheter from the 
thoracic inferior vena cava to the femoral vein in preg- 
nant women in the supine position and found a point 
of maximal pressure about 15 cm below the diaparagm. 
Belcw this point of obstruction, pressure was markedly 
elevated as compared with that close to the diaparagm. 
Lifting of the uterus resulted in a drop in pressure in 
the lower inferior vena cava and a rise in right atrial 
pressure. However, the reduction in venous re:urn of 
blood to the heart during vena caval obstructian does 
not explain the absence of changes in heart rate and 
arterial blood pressure, nor does it explain why sym- 
pathetic blockade represents an additional risk for de- 
veloping hypotension. 

The absence of a reduction in arterial pressure de- 
spite a drop in cardiac output reflects an increase in 
systemic vascular resistance. There are several mech- 
anisms that might help to explain these changes. First, 
recent studies demonstrated the presence of low-pres- 
sure baroreceptors in the vena cava, which can reflex- 
ively alter sympathetic efferent nerve activity to the 
cardiopulmonary region and may selectively affect car- 
diac contractility without affecting heart rate.' Second, 
elevation of venous pressure elicits an arteriokar con- 
striction in muscle and subcutaneous tissue.” Tais may 
be due to enhanced myogenic activity of the smooth 
muscle cells in the terminal arterioles as a result of a 
retrograde increase in vascular transmural pressure or, 
more likely, it may be explained by a local sympathetic 
venoarteriolar “reflex.” This mechanism will help to 
maintain arterial blood pressure when venous pressure 
in the lower body increases in response to vena caval 
occlusion and will prevent massive pooling of tlood in 
the veins of the lower parts of the body. Third, in anal- 
ogy to the above mechanisms present in the vena cava 
and/or the muscle arterioles, the uterus may respond 


Volume 155 
Number 6 


to increased venous pressure by altered sympathetic 
efferent nerve activity acting selectively on cardiac con- 
tractility or by arteriolar constriction. 

In our experiments we occluded both uterine veins 
to investigate these possibilities independently of a re- 
duction in cardiac output. This resulted in-a rapid and 
consistent increase in arterial blood pressure of 11% in 
the balloon-occluded group and of 6% in the cuff-oc- 
cluded group. In this latter group of animals the venous 
collaterals had been partly ligated, and baseline arterial 
pressure was higher than that in animals with intact 
collaterals. This suggests a slight but persistent effect 
of ligation of uterine venous collaterals on arterial 
blood pressure. Preliminary data from our laboratory 
indicate that the arterial pressure increase after occlu- 
sion of the uterine veins is suppressed by spinal block- 
ade as well as by a-adrenergic blockade but not by 
B-adrenergic blockade. This would be compatible with 
the presence of a-adrenergic uterine venous efferent 
nerve activity acting selectively on cardiac contractility. 
If arterial pressure increases solely by this mechanism, 
it should be accompanied by a similar increase in car- 
diac output with no effect on systemic vascular resis- 
tance. Although the observed 7% increase in systemic 
resistance was not statistically significant, it seems to 
reflect some degree of general vasoconstriction. The 
10% increase in uterine vascular resistance was not sta- 
tistically significant and was of similar magnitude as the 
increase in systemic resistance. This strongly suggests 
that a venoarteriolar reflex is not present in the uterine 
vascular bed. 

Our data, as well as those of acute studies in humans, 
demonstrate a marked reduction in cardiac output and 
stroke volume after infrarenal occlusion of the inferior 
vena cava. Less pronounced hemodynamic changes 
were observed in an acute study in dogs,’ which may 
be due to the presence of an adequate collateral cir- 
culation, as suggested by the author, or the supine po- 
sition of the dogs may already have occluded the in- 
ferior vena cava enough during the control period to 
mask the additional effect of ligation. Suprarenal oc- 
clusion of the inferior vena cava resulted in a marked 
decrease in both cardiac output (37%) and arterial pres- 
sure (24%). The more pronounced circulatory effects 
of suprarenal occlusion of the inferior vena cava as 
compared with infrarenal occlusion seem to reflect 
quantitative differences in resistance to venous return 


of blood to the heart. 
The supine hypotensive syndrome occurs in about 


5% to 10% of pregnant women in the supine position 
and is characterized by hypotension and bradycardia. 
This is generally explained by either an inefficient col- 
lateral system or a vasovagal reaction. Angiographic 
studies in pregnant women in the supine position have 
demonstrated that in 6% of women venous return was 
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blocked at the level of L1-2, where the left renal vein 
crosses the convexity of the vertebral column.” Supra- 
renal occlusion of the inferior vena cava in sheep pro- 
duces similar symptoms. This suggests that the supine 
hypotensive syndrome may be caused by occlusion of 
the inferior vena cava at the renal or suprarenal level 
and not by a vasovagal reaction or an inefficiency of 
the collateral system per se. 

Uterine effects. The uterine vascular bed in late 
pregnancy is generally considered to be widely dilated 
and not capable of autoregulation.'? This was con- 
firmed in our study, as shown in Fig. 2. Uterine per- 
fusion pressure and blood flow were maintained as a 
result of increased arterial pressure. 

Fetal effects. In the present experiments uterine oxy- 
gen consumption and fetal oxygenation were only re- 
duced when the vena cava was obstructed above the 
level of the kidneys. When the inferior vena cava is 
obstructed below the level of the renal veins, uterine 
blood flow will fall by about 20%, while suprarenal oc- 
clusion of the inferior vena cava may decrease uterine 
blood flow by as much as 70%. It has been previously 
shown that until uterine blood flow falls below ap- 
proximately 50% of its baseline value,'' uterine oxygen 
consumption and fetal oxygenation are maintained by 
increased extraction of oxygen. 

Uterine venous hypertension in pregnant women 
may be a consequence of the upright and supine po- 
sitions assumed during the evolution of man. The effect 
of short-term interference with uterine venous outflow 
depends on the level and the degree of obstruction and 
may cause supine hypotensive syndrome, decreased 
cardiac output and uterine blood flow, and increased 
arterial blood pressure. In those ewes in which uterine 
venous collaterals were ligated, baseline arterial blood 
pressure was permanently slightly increased. Whether 
chronically increased uterine venous pressure could be 
an etiologic factor in human preeclampsia remains 
speculative. 
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Substrate utilization for estrogen synthesis by human fetal 


membranes and decidua 


W. M. Romano, L. A. Lukash, B.Sc., J. R. G. Challis, Ph.D, D.Sc., and B. F. Mitchell, M.D. 


London, Ontario, Canada 


We have investigated the ability of tissue explants of human amnion, chorion, and decidua to produce 
estrone when incubated alone or in the presence of estrone sulfate, dehycroepiandrosterone, 
dehydroepiandrosterone sulfate, androstenedione, or testosterone. Amnion produced very little estrone 
from any substrate. Chorion utilized all substrates and decidua utilized estrone sulfate and — 
dehydroepiandrosterone sulfate for estrone production. For both chorion and decidua, estrone sulfate was 
quantitatively the most important substrate. Chorionic tissues obtained after spontaneous labor produced 
greater levels of estrone than tissues obtained before labor (p < 0.05). We could demonstrate no effect of 
cortisol, estriol, progesterone, prostaglandins, oxytocin, or dibutyryl cyclic adenosine monophosphate on 
estrogen production. We also measured endogenous concentrations of estrone and estradiol in fetal 
membranes. We found no significant difference in tissue concentrations between the two methods of 
delivery. There was no significant correlation between estrone and estradiol concentrations and distance 
from the piacenta. We conclude that human chorion and decidua can produce estrogen, which may have 
some role in determining the timing of parturition. (Am J OBSTET GYNECOL 1986;155:1170-5.) 


Key words: Substrate utilization, estrogen synthesis, fetal membranes, decidua 


Human amnion, chorion, and decidua possess ste- 
roidogenic enzymes that are required for estrogen syn- 
thesis. In studies using minced tissue, homogenates, or 
subcellular fractions, it has been demonstrated that the 
estrogen precursor dehydroepiandrosterone can be ox- 
idized to androstenedione by the action of 3B-hydroxy- 
steroid dehydrogenase by human chorion and to a 
lesser extent by amnion."? All three tissues contain aro- 
matase for further metabolism onward to estrogen.” * 
Another potential source of free estrogen formation is 
the hydrolysis of sulfoconjugated estrogens. Estrogen 
sulfates are present in high concentrations in maternal 
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and fetal plasma and show a gradually increasing trend 
in late gestation.®’ Estrone sulfate is present in amniotic 
fluid in high concentrations that increase rapidly in 
the days before the onset of labor.’ This amniotic 
fluid estrone sulfate can reach the amnion, chorion, 
and decidua? and all three tissues have a su_fatase 
enzyme capable of hydrolyzing estrone sulfate to free 
estrone.” *° Using a dispersed cell technique we pre- 
viously found that the ability of chorion and decidua 
to hydrolyze estrone sulfate increased significantly 
around the time of the onset of labor and that this 
change may be due in part to a decrease in the Michaelis 
constant (K,,) and an increase in the maximum velocity 
(Vmax) Of the estrone sulfate sulfohydrolase enzyme.” 
Free estrogen concentrations within the tissues of the 
pregnant uterus may be of physiologic importance dur- 
ing late pregnancy. The previous studies have dem- 
onstrated enzyme activities involved in estrogea syn- 
thesis to be present in cellular homogenates or isolated» 
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cells. However, the ability of intact tissues to utilize 
available precursors for estrogen synthesis has not been 
studied systematically. Thus we have undertaken the 
present studies to determine the ability of explants of 
intact fetal membrane tissues to utilize various sub- 
strates for estrogen synthesis and to extend our pre- 
vious findings concerning the changes in the utilization 
of estrone sulfate at the time of parturition. We also 
measured tissue concentrations of estrone and estradiol 
to determine the possible contribution of locally syn- 
thesized estrogen to these endogenous levels. 


Material and methods 


Patients. Tissues were obtained immediately after 
delivery from patients at term (38 to 41 weeks) after 
uncomplicated pregnancies. A group of patients after 
spontaneous onset of labor and vaginal delivery was 
compared with a similar group undergoing elective re- 
peat cesarean section at term. Cesarean sections were 
performed with the patients under continuous epidural 
analgesia. This method of analgesia also was used if 
necessary in the patients delivered vaginally. There 
were no significant differences in gestational age, par- 
ity, or other clinical features in the two patient groups. 
No medications (including oxytocics or sedatives) were 
given before delivery in any of the patients. 

Tissue preparation. The membranes and placenta 
were obtained immediately after delivery and kept on 
ice while transported to the laboratory adjacent to the 
delivery room. At a site distant from the placenta, a 
section of amnion was bluntly stripped away from the 
underlying chorion and decidua. The adherent decid- 
ual tissue was then carefully dissected away from the 
chorion. A sterile cork borer was used to excise the 
tissue explants. Incubations were performed in culture 
wells that contained 1.0 ml of minimal essential medium 
at 37° C, pH 7.4, in 95:5 air:carbon dioxide. Initial 
experiments revealed that amnion possessed minimal 
ability to produce estrogen and further experiments 
were then performed with separated chorion and de- 
cidua. In order to study possible “co-operativity” 
among the tissues, we also performed experiments us- 
ing explants of unseparated full-thickness membranes 
containing amnion, chorion, and decidua. Initial stud- 
ies determined optimal time, tissue quantity, and sub- 
strate concentrations. Subsequent experiments were 
performed with the use of an explant containing 300 
to 700 ug of tissue protein for 24 hours and 1 ng of 
estrone sulfate or 1 ug of dehydroepiandrosterone, de- 
hydroepiandrosterone sulfate, androstenedione, or tes- 
tosterone used as substrate. 

Endogenous estrogen concentrations. Samples of 
full thickness and of each of the membrane layers were 
obtained from sites near (within 2 cm) the edge of the 
placental disc, at the edge of the tissues most distant 
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Fig. 1. Tissue explants from chorion (solid symbols) and decidua 
(cross-hatched symbols) demonstrated a linear increase in estrone 
production with: (a) increasing tissue protein (one experiment 
illustrated, 1 hour’s incubation with 1 wg of estrone sulfate 
(E,S) substrate); (b) increasing time (mean + SEM of four ex- 
periments, 400 to 800 wg of tissue protein with 1 pg of ES 
substrate); and (c) increasing ES substrate (mean + SEM of 
six experiments, 2 hours’ incubation with 400 to 800 yg of 
tissue protein). 


from the placenta, or an area midway between these 
two. The tissues were homogenized with a Brinkman 
Polytron. The crude homogenates were extracted twice 
with five volumes of diethyl ether. Extraction recovery 
was calculated using parallel tubes with the addition of 
['“C]estrone and [*H]estradiol. Extraction efficiency was 
>90%. The ether was evaporated, and endogenous es- 
trone and estradiol were measured by radioimmuno- 
assay. 

Radioimmunoassays. The concentrations of estrone 
and estradiol were measured in the incubation medium 
and tissue extracts using radioimmunoassay proce- 
dures with antibodies validated for use with human 
fetal membranes as described previously.” Medium 
blanks and cross-reactivity blanks were subtracted ap- 
propriately. 

Material. Estrone sulfate was synthesized chemically, 
purified, and stored at — 35° C in methanol. All other 
steroids were obtained from Steraloids (Wilton, New 
Hampshire) and were diluted from stock solutions (1 
mg/ml) stored in ethanol at ~35° C. Oxytocin (Armi- 
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Table I. Utilization of substrate for estrone synthesis by human Fetal membranes (picograms of estrone 
produced per miligram of tissue protein, mean + SEM) 





i i l Substrate | 
Endogenous | Estrone sulfate, | Dehydrocpiandrosterone | Dehydroepiandrosterone, | Androstenedtone, | Testosterone, 
Tissue precursors | Ing: ‘sulfate, 1000 ng 1000 ng 1000 ng 1000 ng 
Chorion ` a . 
Allexperiments 58+ 10° 772 + 142° 109 + 25° 8l + 19” 141 + 38° 86 + 15° 
(n = 10) 
Spontaneous labor 85 + 18* 1083 + 224>* 1678-50" 108 + 38? 217 +66" 115 +26 
(n = 5) 
Cesarean section 34 + 3? 525°. 156" 64 + 10° 58 + 11% 65 + 19% 58 + 1]1®™ 
(n = 5) | 
Decidua. — 
All experiments 76 + 5? 1003 + 142° 144 + 13° 109 + 12* 103 + 17 90 + 1% 
(n = 10) l 
Spontaneous labor 78 + 8 1013 + 247° 157 + 20° Lit-a21" 91 + 17? 97 + 18 
(n= 5) | | . 
Cesarean section 73 + 8? 992 + 113° 128 + 14" 106 + 15° 124 + 27° 84 + 18° 
(n = 5) | 
Full thickness 
- All experiments 61 + 5° 309 + 40° 93 + 9” TI 7” 80 + 9” 72 + 8&8 
(n = 10) 
Spontaneous labor 76 + 6% 363 + 74° 107 + 14 79 Ł 6 98 + 13° 84 + 15° 
C ns 
Cesarean section 50 + 63 255E DT 83 + 10° TTET 62 + 10* 61.47% 
(n = 5) 


Numbers in parentheses ‘indicate the number of patients in each group. Superscripts (a, b, and c) indicate statistically different 
means (p < 0.05) within each group of patients, by analysis of variance and Duncan’s new multiple range test; numbers with 
superscript ¢ are greater than those with b; those with b are greater than those with a; those with ab are not different from those 
with a or b but are less than those with c. 


'*Denotes a significant difference (p < 0.05) between the spontaneous labor and cesarean section groups for that tissue and 


substrate.’ 


tage Carroll, London, Ontario, Canada) and dibutyryl 
cyclic adenosine monophosphate (Sigma, St. Louis, 
Missouri) were prepared fresh in minimal essential 1 me- 
dium for each experiment. 

Statistical analysis. Comparisons for the utilization 

of various substrates to form estrogen, for the effect of 
various potential regulators of estrogen synthesis, and 
for the endogenous estrone and estradiol concentra- 
tions in- the various tissues were performed with the 
use of a one-way analysis of variance. Duncan’s new 
multiple range test was used to determine the sites of 
significant difference. Comparisons between the spon- 
taneous labor and cesarean section groups were made 
with the use of the unpaired Students t test. When 
Bartlett’s test revealed heterogeneity of variance, log- 
arithmic transformation of the data was performed. 


Results 


We have previously validated the histologic and bio- 
chemical viability of this tissue explant system." With 
respect to estrone production, it can be seen that in the 
presence of 1000 ng of estrone sulfate there was a linear 
increase in estrone production with an increasing 
amount of tissue protein in the explant (Fig. 1, a). The 
estrone production also increased in a linear fashion 
with the incubation time up to 24 hours (Fig. 1, b). 


There was also a linear relationship between estrone 
produced and the concentration of estrone sulfate sub- 
strate added (Fig. 1, c). 

The ability of chorion, decidua, and full-thickness 
explants to produce estrone from the various substrates 
is presented in Table I. It is apparent that chorion and 
decidua, separ ately. or together in combination with 
amnion (full thickness), can utilize estrone sulfate or 
dehydroepiandrosterone sulfate to synthesize estrone. 
Chorion also can use the other substrates tested. In all 
tissues, the estrone produced with estrone sulfate used 
as substrate was severalfold greater than with any of 
the other potential substrates despite the fact that the 
amount of estrone sulfate provided was three orders 
of magnitude less than that of the other substrates. 

The data from Table I also allow comparisons be- 
tween the spontaneous labor and cesarean section 
groups for each tissue. For both the chorion and full- 
thickness explants, the tissues obtained after the spon- 
taneous onset of labor had a ‘basal estrone secretion 
rate that was significantly higher than that of the tissues 
from the cesarean section patients. With the chorion 
explants, the estrone secretion in the presence of each 
of the substrates except dehydroepiandrosterone was 
significantly greater in the patients with spontaneous 
labo. When the basal estrone secretion rate was sub+ 


Volume 155 


Estrogen synthesis in fetal membranes 1173 
Number 6 , ' 


Table II. Endogenous estrone and estradiol tissue concentrations (picograms per milligram of protein) i in 
full-thickness membrane samples from 36 patients 


Estradiol 


All samples 99 + 6 99 6745 
Cesarean section group* 48 “BA £7 47 67 + 8 
Spontaneous onset cf labor groupt 51 101 + 9 52 68 + 7 
Near placenta 28 98 + ll 25 77 + 

Midpoint from placenta 28 7547 25 66 + 11 
Distant from placenta 18 97 + 11 18 60 + 8 


n = Total number of tissue samples analyzed. 
*Samples obtained from patients at term after cesarean section performed before the onset of labor. 
tSamples obtained from patients at term after spontaneous onset of labor and vaginal delivery. 


Table III. Endogenous estrone and estradiol tissue concentrations (picograms per milligram of protein, 
mean + SEM) in samples of amnion, chorion, and decidua from patients delivering at term by cesarean 
section performed before the onset of labor (n = 11) or by vaginal delivery after spontaneous onset of 
labor (n = 18) - | . | 


Estrone . ` i D 
Total group 85 + 13 85 + 14 90 + 14 
Cesarean section group © 70 + 18 10° 35 17 S21 
Spontaneous onset of labor group 98 + 18 98 + 23 101 + 18 

Estradiol _ 
Total group 49 + 7 19 41" 87 + 13° 
Cesarean section group 50-413 74 4 15 86 + 19 
Spontaneous onset of labor group 49 +7 84 + 17 88 + 19 


Superscripts denote that b > a (p < 0.05) by analysis of variance and Duncan’s new multiple range test. 


tracted from the estrone secreted in the presence of 
the various substrates, the estrone secretion in the pres- 
ence of estrone sulfate (1006 + 215 pg/mg of protein) 
was still significantly greater for the spontaneous labor 
patients than for the cesarean section group (430 + 
114 pg/mg of protein, p < 0.05). In these substrate 
utilization studies, we did not measure the production 
of estradiol. 

We investigated the aGeeibihty that there may be some 
positive or negative interaction among the chorion, de- 
cidua, and amnion that may be lost when the tissues 
are separated from each other. However, there was 
no significant difference in estrone secretion whether 
the tissues weré incubated together (full thickness, 
Table I) or whether they were incubated alone after 
separation. 

In the cesarean section patients, the decidual ex- 
plants secreted significantly more estrone than chorion 
explants, either in the control incubations or in the 
presence of estrone sulfate or dehydroepiandrosterone 
sulfate (p < 0.05). This difference between chorion and 
decidua was not present in the spontaneous labor 
group. | | | 


- The possible regulation of estrogen secretion in the 


presence of estrone sulfate (100 ng) was investigated 
in eight additional patients, including four with spon- 
taneous onset of labor and four elective cesarean sec- 
tion patients. We detected no significant effect on es- 
trone or estradiol secretion (data not shown) by cortisol, 
estriol, progesterone, prostaglandin Es, prostaglandin 
Fa (1 pg/ml), oxytocin (2 pmol), or dibutyryl cyclic 
adenosine monophosphate (10 mmol) in incubations 
from 1 to 24 hours’ duration. Sra 

- The endogenous tissue concentrations of estrone and 
estradiol are presented in Tables II and III. In the 
analysis of full-thickness membranes (Table II), the 
concentration of estrone was higher than that of estra- 
diol when considering all samples (p < 0.001) or the 
group with spontaneous onset of labor (p < 0.005). 
Similarly, when separated amnion tissue was considered 
(Table III), estrone was greater than estradiol for the 
total groups (p < 0.02) as well as for the group with 
spontaneous onset of labor (p < 0.02). In all other com- 
parisons, there were no significant differences between 
estrone and estradiol tissue concentrations. When the 
influence of the onset of labor and method of délivery 
was considered, there was a tendency in both the full- 
thickness tissue (Table II) and each of the separated 
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layers (Table III) for estrone concentrations to be 
higher in the group with spontaneous onset of labor 
but this never achieved statistical significance. The es- 
tradiol concentrations were similar in both groups for 
all tissues. The decidua had significantly greater estra- 
diol concentrations than did amnion but there was no 
difference among the tissues with respect to estrone 
concentrations. When estrone and estradiol concentra- 
tions were considered with respect to proximity to the 
placenta, there was no significant correlation between 
hormone concentration and distance from placenta for 
either steroid (Table IT). 


Comment 

The present studies indicate that human chorion and 
decidua are able to utilize various substrates to form 
estrogen. For both tissues, estrone sulfate substrate was 
associated with severalfold greater secretion of estrone 
than any of the other substrates even though it was 
provided in molar concentrations more than three or- 
ders of magnitude less than those of the others. When 
one considers that the maternal and fetal plasma and 
amniotic fluid concentrations of estrone sulfate are sev- 
eralfold higher than those of any of the other substrates 
except dehydroepiandrosterone sislfate,*’ these in vitro 
results suggest that estrone sulfate may be the only 
biologically significant substrate for estrogen synthesis 
in human fetal membranes. ` | 

The finding that chorion explants from the sponta- 
neous labor patients produced more estrone either in 
the absence of exogenous substrate or in the presence 
of estrone sulfate confirms our previous studies with 
the use of dispersed cells.” The significant differences 
observed in the control incubations in the absence of 
added substrate suggest that the local tissue concentra- 
tions of possible precursors may be important. We have 
not measured these concentrations. The documenta- 
tion that estrone sulfate was the only substrate that had 
a significantly increased incorporation into estrone in 
the spontaneous labor group compared with that in the 
tissues obtained from patients before labor again sug- 
gests that it may be the most biologically important 
substrate for estrogen synthesis in these tissues. These 
studies correlate well with our recent findings of a low- 
ered Michaelis constant and an increased maximum 
velocity of sulfohydrolase activity for estrone sulfate in 
the chorion from patients after the spontaneous onset 
of labor compared with that of those delivered by elec- 
tive cesarean section before the on set of labor." In these 
latter studies, there were no- associated significant 
changes in the sulfohydrolase kinetic parameters for 
dehydroepiandrosterone sulfate in chorion or for ei- 
ther estrone sulfate or dehydroepiandrosterone sulfate 
in decidua. 

The failure of any of the agents tested to influence 
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estrone or estradiol secretion after incubation with es- 
trone sulfate differs from our previous finding." With 
the use of isolated collagenase-dispersed cells, both oxy- 
tocin and dibutyryl cyclic adenosine monophosphate 
caused a dose-dependent inhibition of estrone end es- 
tradiol secretion with estrone sulfate substrate. The ex- 
planation for the differences in the two systems is not 
clear. It is possible that the peptide and cyclic nuc_eotide 
were unable to penetrate the tissue explant sufficiently 
to cause a measurable response. Alternatively it is pos- 
sible that the tissue explants had the ability to inactivate 
these substances. We also noted during our current 
studies that the addition of oxytocin (but not cyclic 
adenosine monophosphate) caused a reduction in the 
pH of the medium. It is possible that this may have led 
to a toxic effect in the dispersed cell system, which 
inhibited steroidogenic activity but did not alter the 
ability of the cells to exclude trypan blue. Presumably 
the much greater tissue mass in the explant system may 
be able to buffer or compensate for this effect. 

The endogenous tissue concentrations of estrone and 
estradiol are very similar to the amounts of these ste- 
roids produced i in the in vitro incubations i in the absence 
of exogenous precursor. This suggests that the issues, 
with the exception of amnion, are capable of synthe- 
sizing their own estrogen. In amnion, despite a lack of 
estrogen- -synthesizing ability, estrone content was sim- 
ilar to that of the other tissues although the estradiol 
concentration was lower than that in decidua. It is ap- 
parent that amniotic estrogen must be secreted from 
an adjacent tissue or amniotic fluid. The lack 3f cor- 
relation between estrone and estradiol concentrations 
with distance from the placenta discounts the concept 
that diffusion of estrogen from the placenta is a major 
factor in determining tissue concentrations of estrone 
and estradiol within the fetal membrane tissues. It is 
noteworthy that the decidua, with its rich blood supply, 
has no greater estrone content than the essential_y avas- 
cular chorion and amnion. Once again this supports 
the concept of local independent regulation of estrone 
concentrations. If tissue estrogen content was Jepen- 
dent on a placental or vascular source, a rapid or fa- 
cilitated diffusion process or'an active transport system 
could explain the lack of a measurable estrogen gra- 
dient with increasing distance from the placenta or 
blood supply. However, there is no need to invoke such 
an explanation in view of the demonstrated capacity of 
the membranes to synthesize their own estrogen. The 
fetal membrane estradiol concentrations ‘are very sim- 
ilar to those found in myometrium.” | 

The in vitro incubations would lead us to expect to 
find higher estrone concentrations in the tissues from 
the group with spontaneous onset of labor compared 
with those of the cesarean section group. The failure 
to demonstrate a statistically significant difference may 
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have several explanations, including too few experi- 
ments or a more rapid clearance in vivo of estrone in 
the tissues from the group with spontaneous onset of 
labor. . 

Estrogens have been shown to have many important 
physiologic functions in pregnancy, specifically in fetal 
development and the onset of parturition. Many of 
these processes occur within the fetal membranes or 
maternal decidua and myometrium. Estrogens may in- 
fluence the quantity" and types’? of prostaglandins syn- 
thesized in these tissues and thus may play a role in the 
onset of parturition. Estrogens may also increase the 
sensitivity of the uterus to prostaglandins or other 
stimulants such as a-adrenergic catecholamines? and 
oxytocin’ by increasing receptor concentrations for 
these stimulants. Further, estrogens are known to in- 
hibit progesterone synthesis in fetal membranes,’* and 
thus increasing estrogen concentrations may effect a 
local progesterone withdrawal that in turn may also 
favor an Increase in myometrial contractility. Hence the 
utilization of substrate by human fetal membranes for 
local estrogen synthesis may be an important regulator 
of uterine activity. The regulation within the fetal mem- 
branes of the metabolism of estrone sulfate in particular 
then may be very important in the determination of 
the physiologic status of the pregnant human uterus in 
late gestation. 
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Circadian rhythm and diurnal excursion of plasma cortisol in 


diabetic pregnant women 


L. Cousins, M.D., S. 5. C. Yen, M.D., P. Meis, M.D., F. Halberg, M.D., and G. Brink, M.D. 


San Diego, California 


The effect of type | and Il diabetes in pregnancy on the circadian rhythm and diurnal excursion of plasma 
cortisol was studied in the second and third trimesters and post partum. Cosignor analysis demonstrated 
persistence during gestation of the significant circadian rhythm of the nonpregnant state. As previously 
reported in control pregnancies, plasma cortisol levels (24-hour mean, nadir, peak, and nadir-peak 
excursion) increased during gestation while the relative excursion of cortisol (expressed as the percent 
deviation from the 24-hour mean) was blunted. No significant difference was found between diabetic 
groups or when diabetic groups were compared with control subjects. Nocturnal hypoglycemia was 
common among diabetic women during pregnancy and post partum. Although these episodes were usually 
asymptomatic, the mean concomitant cortisol levels were increased over the corresponding cortisol levels 
of nonhypoglycemic diabetic and control subjects. We conclude that differences between control and type | 
and || diabetic subjects in carbohydrate tolerance or glycemic excursion are not explained by differences in 
cortisol levels or rhythm. The pregnancy-ssociated blunting of the excursion of cortisol is consistent with 

an autonomous source of adrenocorticotropin. Asymptomatic nocturnal hypoglycemia is common in insulin- 
requiring diabetic women and is associated with increased cortisol secretion. (AM J OBSTET GYNECOL 


1986;155:1176-81.) 


Key words: Circadian rhythm, diurnal excursion, plasma cortisol, diabetic pregnancy 


A circadian rhythm for plasma cortisol during preg- 
nancy has been suggested in the past' and was recently 
confirmed.** The effect of gestation on this rhythm has 
been characterized in normal women‘ but is unknown 
in diabetic subjects. Among diabetic pregnant women, 
marked glycemic excursions occur throughout the day 
and nocturnal hypoglycemia is common.’ In view of 
the potential diabetogenic effect of cortisol and the re- 
ported rise in cortisol secretion in nocturnally hypo- 
glycemic diabetic subjects,° it is important to know the 
circadian pattern of cortisol in carbohydrate-intolerant 
pregnant women. The objectives of this study were 
to characterize the diurnal excursion and circadian 
rhythm of plasma cortisol in diabetic pregnant women 
evaluated longitudinally and to compare these to the 
patterns seen in normal gestation. 


Material and methods 


The study subjects consisted of five women with in- 
sulin-deficient, ketosis-prone, type I diabetes and seven 
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women with maturity-onset, type II diabetes. The clin- 
ical features of the pregnancies and the 24-hour glucose 
and C-peptide profiles have been previously reported.” 
Informed consent was obtained from each subiect. All 
studies were conducted in the metabolic unit of the 
Clirical Research Center. Each subject was studied se- 
rially during the second trimester (22 to 26 weeks), 
during the third trimester (35 to 37 weeks), and 6 to 
11 weeks post partum. The subjects were admitted at 
7:30 am on the day of the study after a 10-haur fast. 
A 24-inch catheter was inserted in a wrist vein to 
permit easy blood sampling during ambulation and 
sleep. Hourly plasma samples were obtained through- 
out the 24-hour period of each study. Plasma glucose 
concentrations were measured by an automated glucose 
oxidase method. Samples were cold centrifuged (1 to 
2° C), separated, and stored at — 20° C until assayed. 
Plasma cortisol concentrations were measurec. by ra- 
dioimmunoassay.’ All determinations on an individual 
subject were run in the same assay. The subpects re- 
ceived an individualized American Diabetes Association 
diet consisting of mixed meals and one or two snacks. 
Meal times were 8:00 am, 12:00 noon, and 5:00 pM. 
Snack times were 3:00 and 9:00 pm. Dietary calories 
and composition were monitored by the Clin.cal Re- 
search Center dietician and were comparable in both 
study groups and in all study periods. During g2station 
all subjects received split doses of intermediate- and 
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Table I. Mean (+SEM) total plasma cortisol, 24-hour mean, nadir, peak, and nadir-to-peak excursion 
among control (n = 6),* type I diabetic (n = 5), type II diabetic (n = 7), and combined diabetic (n = A 
subjects during the second and third trimesters and post partum 


Post partum Second trimester 
(ng/ml) (ng/ml) 


Third trimester 


(ng/ml) 

24 hr mean (+SEM) 

Control 54 +6 188 + 25* 203 + 26t 

Type I diabetic 55 +6 212 + 16* 219 + 21+ 

Type H diabetic 56 £5 153 + 18t4 179 + 13* 

Combined diabetic group 56+ 6 178 + 20* 196 + 19* 
Nadir (mean + SEM) 

Control 1445 127 + 158 143 + 148 

Type I diabetic 28 + 6 151 + 448 160 + 30§ 

Type I diabetic 31 +8 100 + 21§ 117 + 7$ 

Combined diabetic group 30 + 7 12] + 26+ 135 + 16ł 
Peak (mean + SEM) 

Control 123-27 269 + 39§ 264 + 46]| 

Type I diabetic 134 + 16 284 + 238 290 + 23]| 

Type II diabetic 109 + 14 22] + 22§ 270 + 21| 

Combined diabetic group 119 + 19 247 + 28t 278 + 30$ 
Nadir-to-peak excursion (mean + SEM) 

Control 120 + 12 202 + 28] 170 + 3] 

Type I diabetic 155 + 15 222 + 19] 210 + 6] 

Type H diabetic 105 + 12t 183 + 13+ 183 + 16* 

Combined diabetic group 126 + 16 199 + 21f 194 + 19§ 


*p < 0.001, compared with postpartum value; paired ¢. 


tp < 0.005, compared with postpartum value; paired ¢. 


tp < 0.05, compared with corresponding type I value; group t. 


$p < 0.01, compared with postpartum value; paired ¢. 
iip < 0.05, compared with postpartum value; paired 2. 


short-acting insulin on the basis of plasma glucose levels 
monitored two to four times during the day of weekly 
or biweekly clinic visits. Subjects were encouraged to 
maintain their normal activity level. 

Excursions of plasma cortisol were expressed as the 
percent -deviation from the 24-hour mean. Slopes of 
the ascending (12:00 midnight to 7:00 Am) and de- 
scending (7:00 AM to 12:00 noon) limbs of cortisol peak 
were analyzed by linear regression. Net cortisol excur- 
sion was indicated by the area between the percent 
deviation curve and the 24-hour mean. Cosignor anal- 
yəis was used to evaluate circadian rhythmicity.’ For 
‘comparison of nocturnal glucose and cortisol levels, 
subjects were classified as hypoglycemic (one or more 
nocturnal glucose levels <60 mg/100 ml) or nonhy- 
poglycemic (no values <60 mg/100 ml). Nocturnal hy- 
poglycemia was documented in 45 samples during 
pregnancy studies and in 10 postpartum samples. 
Among nocturnally nonhypoglycemic diabetic women 
(pregnant, n = 13; postpartum, n = 6) and normal 
subjects (pregnant, n = 12; not pregnant, n = 6), the 
reference glucose level was the lowest value corre- 
sponding in time to the samples of the hypoglycemic 
group. The reference cortisol level was the mean of the 
sample drawn at the time of the glucose specimen and 
the subsequent hourly sample. All records were re- 


viewed to identify signs or symptoms of hypoglycemia. 
Results are expressed as the mean + SEM. Paired and 
group £ tests, cosignor analysis, and linear regressions 
were used for statistical analysis. 


Results 


Total plasma cortisol 24-hour mean, peak, and nadir 
concentrations and nadir-to-peak excursions were in- 
creased in diabetic subjects during pregnancy when 
compared with the postpartum values (‘Table I). Among 
women with type I diabetes the 24-hour mean cortisol 
value was significantly lower post partum (55 + 6 ng/ 
ml) than during the second trimester (212 + 16 ng/ml, 
p<0.001) and third trimester (219 + 21 ng/ml, 
p < 0.005) (Table I). Among subjects with type I dia- 
betes nadir levels decreased post partum (28 + 6 ng/ 
ml, p< 0.01) compared with values in the second 
trimester (151 + 44 ng/ml) and in late pregnancy 
(160 + 30 ng/ml). ‘The peak cortisol concentration in 
women with type I diabetes fell from middle (284 + 23 
ng/ml, p < 0.01) and late (290 + 23 ng/ml, p < 0.05) 
pregnancy levels to 134 + 16 ng/ml] post partum. Na- 
dir-to-peak excursion was greater in the second trimes- 
ter (222 + 19 ng/ml, p< 0.05) and third trimester 
(210 + 6 ng/ml, p < 0.05) compared with postpartum 
levels (155 + 15 ng/ml). 
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Table II. Group mean cosignor of plasma cortisol with acrophase among control (n = 6),‘ type I diabetic 
(n = 5), and type II diabetic (n = 7) subjects during the second and third trimesters and post partum 


Post partum Second trimester 


Group mean cosignor 


Control p = 0.001 
Type I diabetic p = 0.032 
Type II diabetic p = 0.001 


Acrophase and 95% confidence limits 
Control 
Type I diabetic 
Type II diabetic 


Among women with type II diabetes, the 24-hour 


mean cortisol concentration was significantly lower post . 


partum (56 + 5 ng/ml) than during the second trimes- 
ter (153 + 18 ng/ml, p < 0.005) and third trimester 
(179 + 13 ng/ml, p < 0.001) (Table I). Nadir levels in 
subjects with type II diabetes decreased post partum 
(31 + 8 ng/ml) from second-trimester (100 + 21 ng/ 
ml, p< 0.01) and third-trimester (117 + 7 ng/ml, 
p < 0.01) levels. Peak cortisol concentrations decreased 
significantly from second-trimester (221 + 22: ng/ 
ml, p< 0.01) and late pregnancy (270 + 21.ng/ml, 
p < 0.05) levels to postpartum values (109 + 14 ng/ 
ml). In type II diabetes the postpartum nadir-to-peak 
excursion was significantly lower (105 + 15 ng/ml) 
than that during the second trimester (183 + 13 ng/ 
ml, p < 0.005) and third trimester (183 + 16 ng/ml, 
p < 0.001). Between-group comparisons of cortisol 
levels failed to show consistent differences. 

Group mean cosignor analysis demonstrated statis- 
tically significant circadian rhythms in five of the six 
subject groups (Table II). In the remaining group 
(type I, second trimester), single cosignor analysis 
showed statistically significant (p < 0.02) circadian 
rhythms in four of the five subjects. Sufficient vari- 
ability in the timing of acrophase peaks existed to pre- 
vent demonstration of the rhythm as a group phe- 
nomenon among the second-trimester type I diabetic 
subjects. . 

Neither mean nadir nor peak times were significantly 
different between or within the diabetic or control 
groups. Among diabetic groups cortisol levels were 
maximum between 4:50 and 7:08 am. Mean cortisol 
nadirs occurred between 8:12 and 11:40 pm. The sim- 
ilarity of diabetic mean values (Table 1), the compar- 
ability of the type I and type II diabetic groups’ cir- 
cadian profiles, and the constancy of the peak and nadir 
times between groups justified combining the diabetic 
subjects for purposes of statistical analysis. The com- 
bined diabetic (n = 12) 24-hour mean cortisol, nadir, 
and peak concentrations and nadir-to-peak excursions 
significantly increased during pregnancy, compared 
with the postpartum values (Table I). 


~120 (—76 to — 148) 
— 206 (~50 to — 160) 
— 110 (—90 to — 128) 


Third trimester 


p = 0.011 p = 0.014 
p = 0.07 p = 0.007 
p < 0.001 p < 0.001 


—145 (—115 to —225) 
— 141 (— 104 to — 183) 
—135 (— 105 to — 163) 


-134 (—84 to — 190) 
— 122 
-113 (—76 to — 142) 


Cortisol excursion in the combined subjects, ex- 
pressed as the percent deviation from the 24-hour 
mean, was markedly blunted during gestation com- 
pared with the postpartum value (Fig. 1). From the 


` postpartum to middle pregnancy to late pregnancy 


studies there was a significant decrease in the maximum 
peak excursion from the 24-hour mean (121% + 33%, 
48% + 9%, and 48% + 11%, respectively; p < 0.005) 


and the maximum nadir excursion (—63% + —8%, 


-34% + —9%, and —31% + 6%, respectively; p < 
0.01) (Fig. 1). The integrated area between the per- 
cent deviation curve and the 24-hour mean in the sec- 
ond (7025% + 422% hours, p< 0.005) and third 
(5898% + 364% hours, p < 0.01) trimesters was sig- 
nificantly less than the postpartum area (12,755% + 
1129% hours). The mean slope of the major incre- 
mental (12:00 midnight to 7:00 Am) and decremental 
(7:00 Am to 12:00 noon) segments significantly de- 
creased from the postpartum study (22.9 + 4.8 and 
—25 + 7.7 respectively) to the second (11.7 + 1.8, 
p< 0.05, and —11.9 + 2.1) and third (12.3 + 1.1 
and —5.5 + 1.6, both p < 0.05) trimesters (Fig. 1). - 
Nocturnal hypoglycemia was associated with eleva- 
tion of cortisol concentrations in both pregnant and 
postpartum subjects (Fig. 2). Among type I d:abetic 
women, hypoglycemia was found in five of 14 (36%) 
pregnancy studies and one of seven (14%) postpartum 
studies. Among these thirteen episodes of nocturnal 
hypoglycemia only two subjects reported hypoglycemic 
symptoms. Mean glucose concentrations in the preg- 
nant and postpartum nocturnally hypoglycemic sub- 
jects (47+ 1 and 47 + 3 mg/100 ml, respectively, 
Fig. 2) were less than corresponding levels in the control 
(76 + 2 and 87 + 1 mg/100 ml, both p < 0.0001) and 
nonhypoglycemic diabetic (87 + 7 and 108 + 10 mg/ 
100 ml, both p < 0.001) subjects. Cortisol concentra- 
tions in the hypoglycemic pregnant (230 + 9 ng/ml) 


and postpartum (113 + 11 ng/ml) subjects were higher 


than the corresponding control levels (186 + 15 ng/ 
ml, p< 0.05, and 70 + 9 ng/ml, p < 0.05; Fig. 2). 
Mean cortisol concentrations in hypoglycemic diabetic 
subjects were also higher than values in nonhydogly- 
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Fig. 1. Percent deviation of cortisol from the 24-hour mean 
throughout the 24-hour metabolic clock in the combined type 
I {n = 5) and type II (n = 7) diabetic women during the sec- 
ond and third trimesters of pregnancy and post partum. Meals 
are indicated by |. Insulin injections are indicated by Ins. 
Data points reflect mean + SEM. Values significantly different 
from the 24-hour mean are indicated by open circles. 


cemic diabetic women during pregnancy (200 + 29 ng/ 
ml) and post partum (63 + 13 ng/ml, p < 0.05). Post 
partum mean exogenous insulin levels in hypoglycemic 
subjects (0.89 + 0.06 U/kg) were significantly higher 
than levels in nonhypoglycemic subjects (0.41 + 0.10 
U/kg, p < 0.05). During pregnancy, mean daily ex- 
ogenous insulin levels among hypoglycemic subjects 
(second trimester, 0.88 + 0.13 U/kg; third trimester, 
1.15 + 0.17 U/kg) were higher than levels in non- 
hypoglycemic subjects (0.81 + 0.15 and 0.88 + 0.17 
U/kg, respectively), but the differences were not sig- 
nificant. There was no significant difference between 
the control, nonhypoglycemic diabetic, and hypogly- 
cemic diabetic subjects in mean gestational age or the 
time each group’s reference samples were drawn dur- 
ing pregnancy and the puerperium. 


Comment 

Compared with nonpregnant levels, those in type I 
and II diabetic subjects demonstrated significantly in- 
creased 24-hour mean, nadir, and peak cortisol con- 
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Fig. 2. Mean (+SEM) reference nocturnal glucose and con- 
comitant cortisol concentrations of control subjects (©), non- 
hypoglycemic diabetic subjects (A), and nocturnally hypogly- 
cemic diabetic subjects (@) during pregnancy and postpartum 
studies. Asterisks indicate comparison with corresponding hy- 
poglycemic diabetic levels by group ¢ test. * = p < 0.05. 
= = p< 0.001. . 


centrations during gestation (Table I). The pattern of 
the elevated levels was similar to that seen in normal 
subjects studied longitudinally.! The circadian rhyth- 
micity of cortisol did not change with the progres- 
sion of pregnancy (Fig. 1, Table II). These findings 
extend earlier reports of a circadian rhythm of cor- 
tisol in pregnancy'* ° by demonstrating the per- 
sistence of the circadian rhythm throughout gesta- 
tion in diabetic women. Diabetes was not associated 
with significant alterations of circadian rhythm (Ta- 
ble ID. . ; 

Given the differences in blood glucose levels and ex- 
cursions between control and diabetic groups,’ com- 
parisons of cortisol levels between these groups are rel- 
evant. Although mean cortisol concentrations in type I 
diabetic women tended to be higher than those in 
control women, the differences were not significant 
(Table I). The lack of consistent between-group dif- 
ferences in mean concentrations or excursions argues 
against cortisol levels explaining differences between 
control and diabetic glycemic excursions or carbohy- 
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drate tolerance. Although the increased free cortisol 
level: during pregnancy may contribute to a gestational 
predisposition to carbohydrate intolerance, these data 
indicate that this predisposition should not be greater 
among diabetic women than among normal women and 
therefore does not explain’ the difference in carbohy- 
drate ‘tolerance between these groups: © 

Despite the absence of significant between-group dif- 
ferences in cortisol concentrations, there were note- 
worthy differences between mean cortisol levels in noc- 
turnally hypoglycemic and nonhypoglycemic subjects. 
The 60 mg/100 ml criterion for hypoglycemia is sup- 
ported by the significant counterregulatory hormonal 
responses to lowering plasma glucose to this level. It 
is important to appreciate the relationship of nocturnal 
hypoglycemia and clinical manifestations. Thirteen ep- 
isodes of nocturnal hypoglycemia occurred during 36 
studies in diabetic patients. Nocturnal hypoglycemia 
usually was not clinically apparent. Two subjects had 
clinical manifestations attributable to hypoglycemia— 
mild hunger and diaphoresis. Neither episode was mM- 
terpreted by the subject as indicative of hypoglycemia. 
This demonstrates that asymptomatic nocturnal hy- 
poglycemia i is a common occurrence in pregnant and 
postpartum insulin-treated diabetic womén and sug- 
gests that symptomatology is an insensitive indicator. 
Greater exogenous ‘insulin doses among. nocturnally 
hypoglycemic diabetic women suggest that’ iatrogenic 
hyperinsulinemia plays a role in this process. If one is 
to avoid iatrogenic nocturnal hypoglycemia without 
sacrificing glycemic control, blood glucose assessment 
between 1:00 and 3:00 aM should be done periodically 
in asymptomatic, diabetic gravid women.and any time 
symptoms occur. Documentation’ of nocturnal hypo- 
glycemia indicates the need for adjustment of the in- 
dividual’s evening insulin and/or dietary intake. 
' Since Somogyi’s postulation"' of iatrogenic hypogly- 
cemia, counterregulatory hormonal responses among 
asymptomatic - hypoglycemic subjects have been con- 
firmed.” We have found that asymptomatic, noctur- 
nally hypoglycemic diabetic women have higher mean 
plasma cortisol concentrations than control and non- 
hypoglycemic diabetic subjects (Fig. 2). Between-group 
differences in cortisol levels were not explained by ges- 
tational age differences or. the time samples were 
drawn. The hypoglycemia: -induced rise in cortisol im- 
plies an intact hypothalamic-pituitary- -adrenal axis." 
The mean glucose.level in the hypoglycemic subjects 
approaches the range in which profound glucose coun- 
terregulatory responses in growth hormones, epineph- 
rine, cortisol, norepinephrine, and glucagon levels oc- 
cur.”? From our éxperience it is clear that even asymp- 
tomatic nocturnal. hypoglycemia is associated with an 
acute elevation of plasma cortisol levels. 

The. diabetic subjects demonstrated a pregnancy-as- 
sociated blunting of the percent deviation of cortisol 
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from the 24-hour mean similar to that reported among 
normal subjects.! We postulate. that the -gestational 
blurting of the percent deviation of cortisol results 
from placental adrenocorticotropin, which increases 
with progression of pregnancy and is not suppressed 
by free cortisol. Such an autonomous placental source 
of adrenocorticotropin, which contributes greater ac- 
tivity with advancing gestation, is consistent with the 
observations of elévated adrenocorticotropin levels in 
pregnancy" despite increased free cortisol concen- 
trations” '*"* and a reduction of the relative excursion 
of cortisol.’ 

In conclusion, these longitudinal 24-hour studies in 
type I and II diabetic women demonstrate that (1) the 
nonpregnant circadian rhythm of plasma cortisol is not 
significantly changed in the second and third trimes- 
ters; (2) no significant quantitative or qualitative dif- 
ferences in total cortisol concentrations or rhythm exist 
between diabetic and- control groups; (3) a pregnancy- 
associated blunting of the percent deviation of cortisol 
from the 24-hour mean occurs in. diabetic women, as 
previously described i in normal subjects; (4) nocturnal 
hypoglycemia occurs frequently among diabetic sub- 
jects, is usually asymptomatic, and is associated with a 
concomitant elevation of cortisol concentrations. 
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Effect. of fetal and maternal intravascular antipyrine infusion 


on maternal plasma prostaglandin concentrations in the 
pregnant sheep at 104 to 127 days’ Cal 


G, Pimentel, D.V.M;; J. P. — M. D., M. D. Mitchell, M.D., A. Nasaan M.D., and 


P. W. Nathanielsz, M.D., Ph.D. . 
Ithaca, New York; and San Diego, California 


Antipyrine is commonly used to measure umbilical and uterine blood flow in the pregnant sheep. In the 
present experiment we investigated the effect of antipyrine on prostaglandin metabolism. Four pregnant 
ewes at 104 to 127 days’ gestation were infused with either 1, 4, or 15mg of antipyrine per minute via the 
fetal jugular vein. The 15 mg: min-' dose was also infused into the maternal jugular vein in a fourth 
experiment. Prostaglandins in the uterine vein draining the pregnant horn were measured by 
radioimmunoassay | and antipyrine by high-performance liquid chromatography. No change in the 
concentrations of either 13,14-dihydro- 15-keto-prostaglandin F,,.or 6-keto- -prostaglandin F,, was observed 
with infusion of antipyrine at t mg - mint. The 4 and 15 mg : min“ infusion rates into the fetal jugular. 
vein induced a significant decrease (p <'0.05) in maternal uterine vein 13,14- -dihydro-15-keto-prostaglandin 
Fa plasma concentrations. These concentrations decreased from 669.3 + 161.3 pg > mi~’ (mean + SD) 
before infusion to'306.5 + 104. 0 pg: mi~ after 3 hours of infusion at 4 mg - min7' and from l 

744.2 + 256.8 to 105.0 + 24.2 pg- ml-' at 15 mg- min! Significant changes i in maternal uterine vein 
plasma 6- -keto-prostaglandin Fia and the 6-keto- -prostaglandin F,,/13,14- -dihydro-15-keto-prostaglandin Fa 
ratio occurred only at the 15 mg - min~! infusion of antipyrine into the fetal jugular vein (p < 0.05). 
Maternal uterine vein 6-keto- -prostaglandin Fie fell from 86. 0+ 31.6 to 37.0 + 11.5 pg: mit and the | 
6-keto- -prostaglandin F,,/13,14-dihydro-15-keto- -prostaglandin Fa ratio rose from 0.14 + 0.10 to. 

0.35 + 0.10. We conclude that: (1) antipyrine at doses currently. used to measure uterine and umbilical 
blood flows inhibits 13 ,14- dihydro-15- -keto- -prostaglandin Fa production and (2) infusion rates of antipyrine 
less than 1 mg - min~’ prcbably do not affect maternal prostaglandin metabolism. We therefore 
recommend that if this method is to be used for measuting blood flow, antipyrine infusion rates should be 


less than 1 mg - min-‘. (Am J OssTeT Gynecol 1986;155:1 181-5.) 


Key words: Antipyrine, umbilical blood flow, uterine blood flow, prostaglandin 
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Antipyrine and 4-aminoantipyrine have been used 
by several investigators to measure umbilical and uter- 
ine blood flow in the pregnant sheep with the use of 
either the single injection or the diffusion equilibrium 
technique.'* The rationale for using these two sub- 
stances as markers has been their high water solubility 
and rapid diffusion rate across biologic membranes. In 
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addition, they can be easily and precisely measured i in 
plasma. In order to obtain valid information on flow 
rates, it is also. éssential that these agents do not sig- 
nificantly influence either fetal, placental, or maternal 
physiology. We have previously used this method to 
measure uterine blood flow and its relationship to myo- 
metrial contractures." Ina subsequent study El Badry 
et al.’ demonstrated that. intravascular infusions of 
4-aminoantipyrine to the fetal sheep induced a.rapid 
fall in the maternal uterine vein plasma concentration 
of 13,14-dihydro-15- keto prostaglandin Foa (PGFM). In 
addition, when labor was induced in the pregnant 
sheep by the continuous administration of adrenocor- 
ticotropin 1-24 (Cortrosyn, Organon) to the fetus, 
plasma concentrations of both PGFM and 6-keto pros- 
taglandin F,, (6-keto-PGF,,) in the maternal uterine 
vein decreased after infusion of 4-aminoantipyrine to 
the fetus.®? At the same time the 6-keto-PGF,,/PGFM 
ratio increased. Cohen et al.!° demonstrated in vitro 
effects of 4- -aminoantipyrine and antipyriné on pros- 
taglandin production from arachidonic acid. In vitro 
cyclo-oxygenase activity was inhibited in the presence 
of either compound. 

The present study was designed to determine the 
effect of in vivo administration of antipyrine to the fetal 
sheep on prostaglandin production’ in the pregnant 
sheep. Both the effect of different dosages of antipy- 
rine and the fetal and maternal routes of administration 
were investigated. Three differerit infusion rates of an- 
tipyrine infused into the fetal jugular vein were used 
to determine whether the effects of antipyrine are dose- 
dependent. ' 


Material and methods 

Animals. Four pregnant Rambouillet-Columbia ewes 
with known gestational ; ages were used in this study. 
Surgical procedures were performed at 99 to 113 days’ 
gestational age, Animal maintenance and surgical pro- 
cedures for the placement of vascular catheters in the 
maternal carotid artery, jugular and uterine veins, and 
fetal carotid artery have been described previously. 
All experiments were carried out at least 5 days after 
operation. Ewes were put to death with T-61 (Hoechst- 
Roussel Pharmaceuticals, Inc., Somerville, New Jersey) 
and necropsy was performed the day after the last ex- 
periment was done. 

Antipyrine infusion procedure. ‘Antipyrine (Sigma 
Chemical Co., St. Louis, Missouri) was administered to 
each animal at three different infusion rates. Antipy- 
rine solutions were prepared at different concentra- 
tions in physiologic saline solution (0.9% sodium 
chloride, w/v) for infusion at rates of 1, 4, and 15 
mg: min` at a constant infusion volume rate (0.1 
ml + min-') during a period of 3 hours; a bolus injection 
of 20 mg, 80 mg or 300 mg of antipyrine was given as 
a loading dose immediately before the infusion. Each 
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of these doses were infused into the fetal jugular vein 
on a different day. In a fourth experiment the highest 
dose of antipyrine (15 mg + min~') was infused into the 
maternal jugular vein. Maternal infusion of artipyrine 
was carried out in only three ewes. At least 1 day was 
allowed to elapse between experiments on the same 
animal, to ensure the return to resting conditions be- 
fore the next dose was administered. To minimize the 
potential effects of the previous experiment, the order 
of experiments was first the three fetal infusions in the 
order 1, 4, and 15 mg - min~ and then finally the ma- 
ternal infusion at 15 mg * min`’. 7 

Blood sampling. Samples of fetal arterial blood were 
drawn immediately before the infusion of antipyrine 
was started and again 3 and 8 hours later in order to 
assess fetal condition. Blood values for Po, Pco,, and 
pH were measured with a Radiometer ABL2 b.ood gas 
analyzer. 

Maternal blood. sainples (5 ml) were withdrawn from 

the uterine vein draining the pregnant horn of the 
uterus immediately before and at 1, 2, 3, 7, 8, and 11 
hours after the antipyrine infusion was started. The 
sampling procedure for the measurement of PGFM 
and 6-keto-PGF,, has been described previously, 7 Blood 
was dispensed into a cold heparinized centrifuge tube 
and centrifuged at 4° C for 10 minutes. A plasma ali- 
quct of 1 mil was then removed and stored at — 20° C 
for measurement of antipyrine as described below. 
_ Assay techniques: Plasma PGFM and 6-keto-PGF,, 
assay techniques have been described previously." Mea- 
surement of antipyrine plasma concentrations was per- 
formed by means of a high-performance liqu:d chro- 
matographic technique. '’ The high-performance liquid 
chromatographic system (Waters Associates, Milford, 
Massachusetts) consisted of an M-510 pumping device, 
a UK6 sample injector, and an M-441 ultraviolet de- 
tector at 254 nm. The chromatographic data were in- 
tegrated by a voltage to frequency converter and in- 
tegrating counter. A Nova Pak C"! (Millipore, Waters) 
column was used. Plasma samples (0.5 ml) were ex- 
tracted with 5 ml of dichloromethane-n-pentene and 
evaporated at room temperature, under a vacuum. 
They were reconstituted in 0.7 ml of the mobile phase, 
and 0.1 ml of this volume was injected onto the column. 
The mobile phase for elution of antipyrine and internal 
standard [phenacetin(acetophenetidine), Sigma Chem- 
ical Co., St. Louis, Missouri] consisted of a mixture of 
6.7 mmol/L phosphate buffer, pH 7.2, and acetonitrile 
(70:30). The flow rate was set at 1 ml- min™ under 
isocratic conditions. Calibration graphs were prepared 
by spiking blank plasma samples with antipyrine and 
carrying these samples through the complete analytic 
procedure. Retention times for the antipyrine and for 
the internal standard were 3.50 and 6.75 minutes, re- 
spectively. . 

Statistical analysis. Comparison of means within and 
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Fig. 1. Maternal uterine vein plasma antipyrine concentrations 
measured in the main uterine vein draining the pregnant horn 
during infusion of antipyrine into the fetal jugular vein (FJ) 
at three infusion rates (1, 4, and 15 mg - min™') and into the 
maternal jugular vein (MJ) at 15 mg © min™’. The period of 
infusion is shown by the solid bar (m), Data represent 
mean + SD;n = 4 for the FJ infusions and n = 3 for the MJ 
infusions. Asterisks are values that differ significantly from con- 
trol (p < 0.05). 


between experimental groups was performed with Stu- 
dent’s one-tailed paired ¢ test. Where appropriate the 
Bonferroni modification for multiple comparisons was 
used. Significance is given at the 0.05 level after mul- 
tiple comparisons are allowed for (that is, where three 
multiple comparisons are made to achieve the 0.05 con- 
fidence level, the p value must be <0.017). Prostaglan- 
din concentration changes were compared only before 
infusion and during the 3 hours of infusion. Plasma 
concentrations and ratios throughout are given as 
mean + SD. 


Results 


Fetal blood gases. Fetal arterial blood gases and pH 
were within the normal range throughout the whole 
study in each of the experiments. 

Maternal uterine vein plasma antipyrine concen- 
trations. Maternal uterine vein plasma concentrations 
of antipyrine, during the 3 hours of infusion and at 4, 
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Fig. 2. Concentrations of PGFM (@) and 6-keto-PGF,, (A) in 
plasma from the maternal uterine vein (muv) draining the 
pregnant horn during antipyrine administration to the fetus 
via the jugular vein at three different infusion rates (1, 4, and 
15 mg: min~'). Period of antipyrine administration is rep- 
resented by the solid bar (m). Data are mean + SD; n = 4. 
Asterisks are values that differ significantly from control 
(p < 0.05). 


5, 7, and 8 hours after antipyrine administration, for 
the different doses and routes of infusion are shown 
in Fig. 1. At all but the lowest infusion rate (1 
mg: min~') there was a significant increase (p < 0.05) 
in antipyrine plasma concentration after ] hour of con- 
stant infusion. When antipyrine was infused via the 
maternal jugular vein, this increase was not significant 
because of the small number of animals used (n = 3). 
One hour after the infusion was stopped, the plasma 
levels had decreased significantly (p < 0.05). No anti- 
pyrine was detectable in maternal uterine vein plasma 
by the time the next experiment was started. 

Maternal uterine vein plasma prostaglandin con- 
centration. When antipyrine was infused into the fetal 
jugular vein at a dose of 1 mg~ min™' there were no 
statistically significant changes, in the plasma concen- 
trations of either PGFM or 6-keto-PGF,, in maternal 
uterine vein blood measured, either during or after the 
infusion (Fig. 2). 

The administration of 4 mg - min~' af antipyrine into 
the fetal jugular vein induced a decrease in the con- 
centrations of both PGFM and 6-keto-PGF,, in the ma- 
ternal uterine vein. The decrease in the plasma con- 
centrations of PGFM was significant (p < 0.05) by 3 
hours of antipyrine administration. Plasma concen- 
trations decreased from 669.3 + 161.3 to 306.5 + 
104.0 pg - ml-'. However, the decrease in 6-keto-PGF,, 
concentrations from 93.95 + 45.54 to 37.5 + 6.56 
pg- ml' was not statistically significant (Fig. 2). At this 
infusion rate of antipyrine, no change could be ob- 
served in the 6-keto-PGF,,./PGFM ratio. 
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Fig. 3. Comparison of effects of antipyrine infusion at 15 
mg min™' into the fetal jugular vein (FJ) and maternal jug- 
ular vein (MJ) on concentrations of PGFM (4) and 6-keto- 
PGF,,) (@) and the ratio of 6-keto-PGF,, to PGFM (E) in plasma 
obtained from the uterine vein draining the pregnant horn. 
Period of antipyrine administration is represented by the solid 
bar (a), Data throughout are mean + SD; n = 4 for infusions 
into the FJ and n = 3 for Mj infusions. Asterisks are values 
that differ significantly from control (p < 0.05). 


At the highest rate of infusion of antipyrine (15 
mg: min`’), into the fetal or maternal jugular vein, 
there was a decrease in the maternal uterine vein 
plasma PGFM concentrations from 744.2 + 256.8 to 
105.0 + 24.2 pg ml”! for the infusion into the fetal 
jugular vein and from 743.0 + 239.1 to 122.0 + 19.31 
pg - ml~' for the infusion into the maternal jugular vein 
(Fig. 3). This decrease was significant (p < 0.05) 3 
hours after the infusion was started when the fetal route 
of administration was used. When the maternal jugular 
vein was used to infuse the antipyrine the decrease 
observed in maternal PGFM was not statistically sig- 
nificant (p > 0.05). There were no statistically signifi- 
cant differences when the prostaglandin changes in the 
three maternal infusions at 15 mg - min™’ were com- 
pared with the four fetal infusions at 15 mg: min™’. 
In both the fetal and maternal infusions, PGFM con- 
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centrations had returned to preinfusion values by 4 
hours after the antipyrine infusion was stopped. 

Maternal uterine vein 6-keto-PGF,, plasma concen- 
trations had decreased from 86.0 + 31.6 to 37.0 + 
11.5 pg: ml! (antipyrine infused to the fetus) and 
from 125.3 + 46.5 to 50.0 + 29.1 pg- ml! (antipyrine 
infused to the mother) by the end of the 3 hours of 
antipyrine infusion at the rate of 15 mg: mir~'. The 
decrease in plasma 6-keto-PGF,, concentration was only 
significant when 15 mg- min™' was infused :nto the 
fetus (p < 0.05). 

The 6-keto-PGF,,/PGFM ratio reached its highest 
value (0.39 and 0.05 for the fetal jugular vein and ma- 
ternal jugular vein infusions, respectively) after 2 hours 
of antipyrine infusion. It had returned to pre:nfusion 
values 4 hours after cessation of infusion. When anti- 
pyrine was infused at 15 mg: min™' to the fetus the 
ratio was significantly increased after 2 and 3 hours 
(p < 0.05). 


Comment 


We have previously reported effects of antipyrine 
and 4-aminoantipyrine administration both in vivo’® 
and in vitro” on prostaglandin production and metab- 
olism. Since these agents have been extensively used at 
infusion rates of 15 to 30 mg- min™! administered to 
the fetus'® the present study was designed to de-ermine 
dose-related in vivo effects of antipyrine adminstration 
on prostaglandin metabolism. Our goal was to quantify 
the effects of antipyrine and determine whether there 
is a rate of antipyrine administration at which prosta- 
glandin metabolism is not significantly affected. If such 
a rate can be established and antipyrine concentrations 
can be measured in maternal arterial and venous 
plasma at these antipyrine infusion rates, ther. it may 
still be valid to use this convenient method for mea- 
surement of uterine and umbilical blood flows 

The lowest infusion rate (1 mg: min7') to the fetus 
had no measurable effect on the metabolism of pros- 
taglandins. However, when antipyrine was adminis- 
tered into the fetal jugular vein at either 4 or 15 
mg-min™' a marked effect on the maternal uterine 
plasma PGFM was observed. Furthermore the cecrease 
in maternal PGFM observed after 3 hours of infusion 
at the 15 mg - min™' infusion rate was significantly dif- 
ferent (p < 0.05) from the decrease induced by the 4 
mg: min`’ infusion regimen. The administretion of 
antipyrine at 15 mg: min™' to the fetal jugular vein 
had a statistically significant effect on maternal uterine 
vein plasma concentrations of 6-keto-PGF\,. 

In summary, these results show that the infusion of 
antipyrine to the fetus at the rate of 4 or 15 mg: min“! 
significantly affected prostaglandin metabolism while 
its administration at a lower rate (1 mg - min~') had no 
significant effect. At the highest infusion rate, changes 
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in prostaglandin concentrations were similar, regard- 
less of the route of infusion. 

Acceptable use of the antipyrine indicator—dilution 
technique requires measurement of plasma concentra- 
tions at rates of infusion of the indicator that do not 
significantly modify prostaglandin or other physiolog- 
ically important biochemical pathways. 

The high-performance liquid chromatographic 
method described for the measurement of plasma an- 
tipyrine is very sensitive and accurate. During the pe- 
riod | to 3 hours after infusion of 1 mg min”! of 
antipyrine into the fetal jugular vein was begun, the 
maternal uterine vein plasma antipvrine concentrations 
were 3.84 + 1.39 ug ml-'. Under our system condi- 
tions it was possible to measure, with accuracy, 0.1 pg 
of antipyrine. Two further changes can be made to 
decrease the amount of antipyrine that has to be in- 
fused to make precise measurements of blood flow. 
First the volume of sample extracted and injected into 
the high-performance liquid chromatographic system 
can be increased and second the sensitivity of the ul- 
traviolet detector can also be increased. 

With a technique for the measurement of antipyrine 
as sensitive as the one described, it may be possible to 
measure umbilical and uterine blood flow with the use 
of antipyrine at a dose (1 mg - min“') that has no effect 
on prostaglandin metabolism. 


We would like to thank Susan Shell and Karen Rasche 
for their help with the manuscript. 
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Adhesion formation and uterine tube healing in the rabbit: A 
controlled study of the effects of ibuprofen and flurbiprofen 


John C. Jarrett II, M.D., and M. Yusoff Dawood, M.D. 


Chicago, Ilinois 


To determine if the prostaglandin synthetase inhibitors ibuprofen and flurbiprofen can suppress 
postoperative adhesion formation, New Zealand White rabbits that had uterine tubal ligation underwent 
uterine tube reanastomosis and were given either saline solution (controls), 75 mg of ibuprofen 
intravenously every 6 hours, or 12.5 mg of flurbiprofen intravenously every 6 hours for 8 doses after 
operation. Both ibuprofen and flurbiprofen significantly reduced postoperative adhesions (p < 0.025). With 
histologic indices of tissue reunion, ibuprofen and flurbiprofen were associated with significantly less scar 
thickness than controls (p < 0.001) but did not have any significant effect on mucosal regeneration, foreign 
body reaction, and muscularis disruption. When ail four histologic indices were compared, flurbiprofen but 
not ibuprofen had a significantly lower score than controls, indicating the greater potency of flurbiprofen 
over ibuprofen. Our findings show that ibuprofen and flurbiprofen can suppress perioperative and 
postoperative surgically induced inflammatory response associated with healing and thereby reduce 
adhesion formation and scar thickness. (AM J Osstet GYNECOL 1986;155:1186-92.) 


Key words: Adhesion, prostaglandin inhibition, ibuprofen, fAlurbiprofen, nonsteroidal anti- 


inflammatory agent, wound healing 


Prevention of postoperative adhesion formation is 
one of the major challenges facing the pelvic micro- 
surgeon. Although microsurgical techniques with the 
use of appropriate suture material are recognized as a 
means of lessening adhesion formation, adhesions still 
occur. In an effort to prevent or reduce this problem, 
considerable attention has been devoted to examining 
the usefulness of perioperative pharmacologic adju- 
vants. Prophylactic antibiotics, corticosteroids, 32% 
dextran 70, progesterone, and many other agents have 
all been tried. However, a great deal of controversy 
exists concerning their efficacy.’ 

Recently interest has been focused on the use of non- 
steroidal anti-inflammatory agents, which are known to 
suppress prostaglandin synthesis by inhibiting the en- 
zyme cyclo-oxygenase. The pathogenesis of postoper- 
ative adhesion formation primarily involves an inflam- 
matory response in the area exposed to a surgical in- 
sult.* After trauma or tissue injury, leukocytes infiltrate 
into the damaged area. Substances released by these 
inflammatory cells attract the accumulation of other 
cells, including platelets, giving rise to a fibroprolif- 
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erative inflammation with a fibrin matrix.* * Under 
appropriate conditions, such as ischemia, adhesion 
formation may ensue. Prostaglandins and related sub- 
stances are crucial mediators of the inflammatory re- 
sponse to tissue injury, and inhibition of prosta- 
glandin biosynthesis suppresses the inflammatory re- 
sponse.* Thus the perioperative use of an agent that 
inhibits prostaglandin production, such as < nonste- 
roidal anti-inflammatory agent, might reduce adhesion 
formation. Several preliminary studies with the non- 
steroidal antiinflammatory agent ibuprofen have been 
performed in animals but the results concerning its 
efficacy are conflicting.** 

To evaluate the efficacy of ibuprofen and another, 
more potent prostaglandin synthetase inhibitor, flur- 
biprofen, on postoperative adhesion fermatioa and on 
tubal reunion, we carried out studies with the use of 
these agents in rabbits undergoing uterine tube rean- 
astomosis. 


Material and methods 


Animal surgical procedures. Twenty-four ~irgin fe- 
male New Zealand White rabbits weighing 3 to 4 kg 
were divided into three groups of eight animals each. 
Each rabbit underwent three laparotomies: an initial 
laparotomy for bilateral ligation of the uterire horns, 
a second laparotomy for reanastomos:s of the ligated 
uterine horns, and a final laparotomy to determine 
uterine patency, evaluate the extent of adhesions, and 
examine the histologic features of the anastomosis site. 


> 
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The same pair of surgeons (J. C. J. and M. Y. D.) op- 
erated together on all the animals in order to minimize 
variability in surgical skill. 

First laparotomy. After premedication with keta- 
mine and acepromazine, 40 mg/kg of body weight, 
given intramuscularly, the rabbits were anesthetized 
with halothane, 3% to 4%, and a nitrous oxide/oxygen 
(2:1, v/v) mixture delivered through a face mask. An- 
esthesia was maintained with halothane, 0.5% to 1.5%, 
and a nitrous oxide/oxygen (1:2, v/v) mixture. At lap- 
arotomy through a low midventral incision, the uterine 
horns were identified and divided about 1 cm from the 
uterotubal junction. A small portion of the uterine horn 
tissue was removed for histologic evaluation and the 
cut ends of the horn were ligated with 3-0 polyglactin 
(Vicryl) sutures. The tissues operated on were kept 
moist by irrigation with a solution of 500 units of hep- 
arin in 1 L of Ringer’s lactate solution. The abdomen 
was closed in two layers with 2-0 polyglactin sutures. A 
dose of 50,000 units of benzathine penicillin G was 
given intramuscularly. 

Second laparotomy. The animals were randomly and 
sequentially assigned to one of three groups. Animals 
in group | received saline solution injections in place 
of medication. Animals in group 2 received ibuprofen 
while animals in group 3 received flurbiprofen. Both 
the ibuprofen and flurbiprofen were freshly made on 
the day of the second laparotomy. The dose regimens 
of ibuprofen and flurbiprofen were 75 and 12.5 mg 
intravenously through an ear vein every 6 hours for 
eight doses. The first dose was given approximately 20 
minutes before the beginning of the second laparotomy 
procedure. 

Four weeks later, the ligated uterine horns were rean- 
astomosed with the use of X10 magnification with a 
Zeiss operating microscope (Carl Zeiss, Inc., Ober- 
kochen, West Germany). After removal of the ligated 
uterine horn stump and lysis of any existing adhesions, 
the open ends of the uterine horn were accurately 
aligned and reanastomosed with interrupted 8-0 poly- 
glactin sutures in two layers for all animals. Tissues 
were always kept moist with the heparinized Ringer's 
lactate solution. Microsurgical techniques were used 
and a needle cautery was used for hemostasis. The 
abdomen was closed as previously described, after 
which 50,000 units of benzathine penicillin G was given 
intramuscularly. 

Third laparotomy. Six weeks after reanastomosis of 
the uterine horn, all animals underwent a third and 
final laparotomy for evaluation of uterine patency and 
adhesion formation and to obtain tissue for histologic 
examination of the reanastomosis site. This part of the 
study was blinded. Uterine horn patency was tested by 
chromopertubation as previously described? by injec- 
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Fig. 1. Mean + SEM of scores for adhesions in rabbits 
undergoing uterine tube microsurgical reanastomosis and 
treated with ibuprofen and flurbiprofen. Rabbits receiving no 
prostaglandin synthetase inhibitors served as controls. There 
was a significant reduction in adhesion formation with ibu- 
profen (p < 0.025) and with flurbiprofen (p < 0.005) treat- 
ments when compared with controls. Adhesions were less with 
flurbiprofen treatment than with ibuprofen but the difference 
was not significant (n.s.). 


tion of methylene blue into the uterine horn distal to 
the anastomosis site and observation for dye emergence 
at the ipsilateral cervix through an anterior colpotomy. 

Adhesion formation was checked and graded for 
each uterine tube as previously described.’ The grades 
were: 0 for no adhesions; | for filmy, easily separable 
adhesions; 2 for thick adhesions, limited to the site of 
anastomosis and the uterine tubes; and 3 for extensive, 
thick vascular adhesions involving other organs such as 
the bladder or bowel. 

Histologic examination and grading scores. [he 
uterine horns were removed and opened longitudi- 
nally, and the area surrounding the anastomosis site 
was resected. Longitudinal sections perpendicular to 
the scar were taken and preserved in formalin, and 
slides stained with both hematoxylin and eosin and 
Masson’s trichrome were prepared. Two sections from 
each anastomosis site were microscopically evaluated 
under both 10 and 25 power magnification. The tech- 
nique for histologic grading of the anastomosis site was 
a modification of a method developed and used in our 
laboratory. Four indices, namely, scar tissue thickness, 
foreign body reaction, mucosal regeneration, and dis- 
ruption of the mucularis layer, were evaluated and ap- 
propriate scores assigned for grading. The scoring de- 
tails are summarized in Table I. For the total score, the 
scores for each of the four histologic indices were 
added. All histologic evaluations and grading were car- 
ried out by the same examiners (J. C. J. and M. Y. D.). 

Statistical analysis. All data are expressed as 
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Fig. 2. Histologic section of rabbit uterine tube reanastomosis site showing good union and minimum 
histologic score. Scar tissue score = | (mean width of scar tissue = 0.4 mm); foreign body reaction 
score = l (scanty foreign body); mucosal regeneration score = 1 (mucosal layer completely regen- 
erated); muscularis disruption score = | (muscularis layer midly disrupted). (Original magnifi- 


cation X25.) 
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Fig. 3. Histologic section of rabbit uterine tube reanastomosis site showing moderate histologic score. 
Scar tissue score = | (mean width of scar tissue <0.4 mm); foreign body reaction score = 3 (abun- 


dant foreign body): mucosal regeneration score 


2 (mucosal layer incompletely regenerated); mus- 


cularis disruption score = 2 (muscularis layer moderately disrupted). (Original magnification X 25.) 


mean + SEM. Means were compared between the 
prostaglandin inhibitor—-treated and saline solution— 
treated groups (controls) with the use of the nonpaired 
Student ¢ test as well as the Mann-Whitney test. Both 
Student’s ¢ test and the Mann-Whitney test for statistical 
differences were applied for the adhesion scores be- 
tween the three treatment groups while the nonpaired 
Student ¢ test was used for comparing differences in 
the histologic grading scores. The p values were ob- 
tained from two-tailed values and a p value of >0.05 
was considered not significant. 


Results 


Of the 24 rabbits operated on, five died after the 
second laparotomy for reanastomosis of the uterine 
tube. Three receiving flurbiprofen died at 2, 5, and 15 
days after the second laparotomy. Two rabbits receiving 
ibuprofen died, one intraoperatively and the other | 
day after operation. Autopsy could not identify any 
gross specific causes in any of the dead animals. In two 
animals, death was immediately preceded by convul- 
sions. The analyses were therefore made on the re- 
maining 19 rabbits, of which eight served as con- 
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Fig. 4. Histologic section of rabbit uterine tube reanastomosis site showing high histologic score. 
Scar tissue score = 3 (mean width of scar tissue >0.6 mm); foreign body reaction score = 2 (mod- 


erate foreign body); mucosal regeneration score 


2 (mucosal layer incompletely regenerated); 


muscularis disruption score = 3 (muscularis layer severely disrupted). (Original magnification X 25.) 


trols, six received ibuprofen, and five received flurbi- 
profen. 

In the control group, only one of the 16 uterine tubes 
was not patent while in both the ibuprofen and flur- 
biprofen treatment groups, all uterine tubes were 
patent. 

Fig. 1 shows the mean + SEM of the adhesion scores 
for the three different treatment groups. The score was 
significantly reduced from 2.06 + 0.19 in the control 
group to 1.4 + 0.48 with ibuprofen treatment (p < 
0.025) and 0.92 + 0.26 with flurbiprofen treatment 
(p < 0.005). 

Representative examples of histologic sections of rab- 
bit uterine tube reanastomosis sites showing union with 
minimum, moderate, and high histologic scores are 
shown in Figs. 2, 3, and 4. 

When the reanastomosis site or scar was histologi- 
cally evaluated for four different indices of reunion, 
there was a reduction in the total histologic scores 
with ibuprofen (6.38 + 0.49) and flurbiprofen (5.5 + 
0.36) treatment compared with that from the controls 
(7.62 + 0.71) (Fig. 5). However, the difference from 
the controls was significant only for the flurbiprofen 
treatment group (p < 0.025). 

Analysis of the mean + SEM scores for each of the 
four histologic markers of tissue reunion is shown in 
Fig. 6. There was a significant reduction in scar thick- 
ness with ibuprofen (mean + SEM score = 1.0 + 0, 
p < 0.001) and flurbiprofen (mean + SEM score = 


1.0 +0, p < 0.001) treatment compared with that of 


controls (mean + SEM score = 2.25), There was a 
trend toward reduced scores for the other three his- 
telogic indices with ibuprofen and/or flurbiprofen 


p=<0.025 
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Fig. 5. Mean + SEM of total scores for four different histo- 
logic indices (scar thickness, foreign body reaction, mucosal 
regeneration, and muscularis disruption) at the reanastomosis 
site of rabbit uterine tube. There was a significant reduction 
in overall score for histologic indices in rabbits treated with 
flurbiprofen (p < 0.05) compared with that of controls. When 
compared with controls, rabbits treated with ibuprofen had a 
reduction in score; however, the difference was not significant. 


treatment but the reductions were not statistically sig- 
nificant. 


Comment 

In this controlled study, we were able to show that 
both ibuprofen and flurbiprofen given half an hour 
before operation and for 48 hours after operation re- 
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Fig. 6. Mean + SEM of each of four different histologic indices at reanastomosis sites of rabbit 
uterine tube in animals treated with ibuprofen or flurbiprofen. Only the score for scar thickness 
showed a significant reduction for treatment with ibuprofen (p < 0.001) or flurbiprofen (p < 0.001) 
when compared with controls. Foreign body reaction and mucosal regeneration showed a trend 
toward reduced scores with ibuprofen and/or flurbiprofen treatment; however, the differences were 


not significant. 


Table I. Criteria and histologic scoring of anastomosis sites of rabbit uterine tubes 


Score 
Scar tissue (width measured <0.4 mm 0.4-0.6 mm >0.6 mm 
with mean of widest and 
narrowest portions of scar) 
Foreign body reaction Scanty Moderate Abundant 
Mucosal regeneration Complete Incomplete None 
Disruption of muscularis layer Mild Moderate Severe 





duce adhesions significantly after reanastomosis of the 
ligated rabbit uterine tube. This is the first study to 
demonstrate that flurbiprofen is effective in reducing 
postoperative adhesion formation. Both ibuprofen 
and flurbiprofen inhibit prostaglandin biosynthesis by 
blocking the enzyme cyclo-oxygenase, which catalyzes 
the conversion of arachidonic acid to cyclic endoper- 
oxides. Although both prostaglandin synthetase inhib- 
itors are significantly more effective than control saline 
solution treatment in reducing adhesion formation, 
flurbiprofen appears to be more potent than ibuprofen. 
Our findings of reduced adhesions with ibuprofen 
treatment are in agreement with those of earlier stud- 
ies.” ° These earlier studies used division and reanas- 
tomosis of the uterine tube in a single laparotomy. We 
have studied a model that is closer to what is clinically 
encountered in the human; the uterine tubes were li- 
gated in a previous laparotomy while the reanastomosis 
and lysis of adhesions were performed in a subsequent 
laparotomy. Holtz,’ however reported that ibuprofen 
was unsuccessful in inhibiting peritoneal adhesion ref- 
ormation after lysis. A careful analysis of these previous 
studies** indicates that whenever the drug was given 
intravenously, there was a reduction in adhesion for- 
mation but when it was given intramuscularly or intra- 
peritoneally, there was either no reduction or some- 
times an increased adhesion formation. 


More recently ibuprofen given intramuscularly in 
five doses of 70 mg/kg per dose (350 mg/kg/day) peri- 
operatively reduced adhesion formation in rabbits sub- 
jected to serosal surface abrasion.'' Nevertheless this 
dose is greater than that given in the present or pre- 
vious studies and far exceeds the maximum human 
adult dose of 3200 to 4800 mg/day (54 to 80 mg/kg/ 
day),'* which is similar to the dose used in the present 
study. That ibuprofen is ineffective when given intra- 
muscularly in the usual recommended doses may be 
due to erratic absorption and therefore inadequate 
blood levels, both of which are partially overcome by 
the megadoses used in the study of Nishimura et al.” 
When the solubility of ibuprofen is considered, it is 
equally not surprising that intraperitoneal instillation 
of the prostaglandin inhibitor was ineffective. Like 
other nonsteroidal anti-inflammatory agents, ibupro- 
fen is an acid and has a low solubility in aqueous mix- 
tures other than in highly alkaline solutions such as 
sodium hydroxide or isopropyl alcohol. As such, ibu- 
profen can be very irritating to the peritoneum and 
thus may even promote adhesion formation. There- 
fore, the poor results obtained with intraperitoneal ibu- 
profen administration for prevention of adhesion for- 


mation may not be altogether unexpected. 
With the four histologic indices examined at the site 
of reanastomosis, flurbiprofen was significantly better 
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than saline solution, which was given to controls. How- 
ever, of the four histologic indices of tissue reunion, 
only scar thickness is significantly inhibited and re- 
duced by both ibuprofen and flurbiprofen. This is con- 
sistent with the role of prostaglandins in mediating the 
inflammatory response to surgical trauma and there- 
fore affecting the scar thickness. However, the other 
three histologic indices (mucosal regeneration, mus- 
cularis disruption, and foreign body reaction), which 
are more dependent on surgical technique and suture 
material used but are to a lesser extent inflammation- 
mediated, are not significantly affected by either ibu- 
profen or flurbiprofen. 

Postoperative adhesion formation occurs through an 
inflammatory response of the surface epithelium or 
serosal membrane” "° with leukocytic and platelet infil- 
tration, new protein synthesis, and a fibroproliferative 
response.” * Prostaglandins and other arachidonic acid 
metabolites are potent humoral mediators of this in- 
flammatory response and can therefore regulate the 
accumulation and activity of these inflammatory cells 
including chemotaxis, edema, and vascular perme- 
ability.* '* '° Fibroblast secretion such as collagen, 
proteoglycan, and fibronectin in the traumatized tissue 
provides the framework for epithelial regeneration and 
therefore wound healing. Thus suppression of the ar- 
achidonic acid cascade with the prostaglandin synthe- 
tase inhibitors ibuprofen and flurbiprofen can reduce 
much of the fibroproliferative response and therefore 
the adhesion formation and scar thickness. It has been 
shown that there is a positive correlation between the 
amount of glycosaminoglycan and collagen present and 
the severity of the adhesions formed.'' Furthermore, 
with decreasing doses of ibuprofen used, there was a 
tendency toward more adhesions, glycosaminoglycan, 
and collagen formed." Thus the intensity of the ara- 
chidonic acid cascade inhibition and therefore the anti- 
inflammatory potency and dose of the agent used are 
important determinants in its effect on preventing 
adhesion formation. In this respect the dose of ibu- 
profen used in the present study is above the anti- 
inflammatory threshold dose. Additionally the more 
powerful anti-inflammatory effect of flurbiprofen over 
ibuprofen is clearly seen in our study; the dose of flur- 
biprofen given was six times less than that of ibuprofen 
and yet there was greater suppression of adhesion for- 
mation and scar thickness. 

We have chosen to evaluate adhesion formation and 
histologic features of the reanastomosis site 4 weeks 
after operation to allow for wound remodeling, mat- 
uration, and tensile strength to develop adequately. Al- 
though the peak rate of collagen synthesis in primary 
healing of wounds is 5 to 7 days, the greatest mass of 
the wound develops by about the third week, and even 
as collagen is being synthesized it is being lysed and 
removed in a constant process of collagen turnover.’ 
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Therefore, early assessment of postoperative adhesions 
may not provide a true picture of the extent of adhe- 
sions and scar tissue. 

Taken together with previous reports, our findings 
of reduced adhesion formation and scar thickness with 
ibuprofen or flurbiprofen indicate a potential use of 
these compounds as an adjuvant for reducing post- 
operative adhesions in infertility operations. Both 
drugs are also analgesics, which would be an added 
advantage for postoperative use. Controlled double- 
blind studies of the efficacy of these agents for reducing 
postoperative adhesions should be undertaken. Indeed 
one such multicenter study is under way. Nevertheless 
it is important to sound a note of caution; unless the 
correct indices are looked for, global all-embracing 
evaluations could confuse the issue. These drugs 
are anti-inflammatory agents that are cyclo-oxygenase 
blockers and cannot be expected to affect all aspects of 
scar and adhesion formation. 


We thank Mr. Dennis West of The Upjohn Company 
for generously providing us the ibuprofen and flur- 
biprofen used in this study and the staff of the Biolog- 
ical Resources Laboratories of the University of Illinois 
College of Medicine for excellent care of the animals. 
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Electrical and mechanical uterine activity and gap junctions in 
estrogen-treated oophorectomized sheep 


A. Verhoeff, M.D., Ph.D., R. E. Garfield, Ph.D., J. Ramondt, M.D., and 


H. C. S. Wallenburg, M.D., Ph.D. 


Rotterdam, The Netherlands, and Hamilton, Ontario, Canada 


The effects of a single dose (0.1 mg) of 17-estradiol on myometrial electrical activity, intrauterine 
pressure, and myometrial gap junctions were studied in six chronically instrumented oophorectomized 
ewes. The intrauterine pressure cycles were analyzed for the maximum rate of rise, peak pressure, and 
active pressure area, together with the frequency of the cycles and the burst frequency, and related to the 
gap junction area. 176-estradiol temporarily depressed uterine activity. The period of quiescence was 
followed by a pronounced increase in all variables of electrical and mechanical activity and also by a rise 
in gap junction area. The greatest increase in the maximum rate of rise of the intrauterine pressure cycles 
occurred 24 hours after estrogen and was associated with the maximum increase in gap junction area. 
These results indicate that a single dose of 178-estradiol induces formation of myometrial gap junctions, 
which may facilitate the spread of electrical activity over the myometrium and improve coordination of 


uterine contractility. (AM J OssteT GYNECOL 1986;155:1192-6.) 


Key words: Uterine activity, gap junctions, estrogen treatment, oophorectomy 


Gap junction formation during labor has been sug- 
gested to be a necessary step in facilitating coordination 
of contractile forces in the myometrium.’ In a previous 
study in sheep we showed that the rise in the number 
of gap junctions during parturition is related to in- 
creased coordination of myometrial activity.” The for- 
mation of gap junctions is thought to be regulated by 
steroid hormones and prostaglandins.’ In sheep the 
number of gap junctions is low during pregnancy; dur- 
ing parturition it shows a rise, which appears to be 
related to an increase in the estrogen/progesterone ra- 
tio in plasma.” A recent study in rats suggests that these 
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changes in circulating steroid hormone concentra- 
tions may lead to an increase in the level of estradiol 
nuclear receptors and to gap junction formation by 
nuclear receptor—mediated transcription and protein 
synthesis.“ 

In nonpregnant oophorectomized ewes administra- 
tion of 17B-estradiol induces an initial decrease in myo- 
metrial activity, followed by an increase.*® Together 
with the increase in frequency of intrauterine pressure 
cycles, the shape of the cycles is also changed after 
administration of 17ß-estradiol, as shown by an in- 
creased rate of rise of the intrauterine pressure cycles.” 

The aim of the present study was to investigate 
whether the increase in myometrial activity after the 
administration of 17ß-estradiol is related to gap junc- 
tion formation. The chronically instrumented non- 
pregnant ewe is a useful model to investigate the reg- 
ulation of myometrial gap junction formation and the 
influence of gap junctions on myometrial contractility, 
as it allows a much easier manipulation of the factors 
that seem to control gap junction formation than does 
the pregnant animal. In this study we investigated elec- 
trical and mechanical myometrial activity in oophorec- 
tomized ewes before and after administration of a sin- 
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Fig. 1. Myometrial activity before and 6, 24, 48, 72, and 144 
hours after administration of 0.1 mg of 17f-estradiol at 0 
hours, recorded in one ewe. 


gle dose of 0.1 mg of 17B-estradiol and we quantitated 
myometrial gap junction area. 


Material and methods 


Animals and instrumentation. Studies were per- 
formed in six chronically instrumented nonpregnant 
Texel ewes. The ewes were oophorectomized and in- 
strumented while under general anesthesia induced 
with 500 mg of ketamine hydrochloride, 0.5 mg of 
atropine, and 300 to 500 mg of thiopental sodium ad- 
ministered intravenously. The animals were intubated 
and ventilated with 40% oxygen and 60% nitrous oxide 
and 0.5 to 4 volumes per 100 ml of enflurane. A poly- 
vinyl catheter was inserted into the abdominal aorta 
through a femoral artery. A lower midline laparotomy 
was performed, the uterus and adnexa were exposed, 
and both ovaries were removed. Three pairs of bipolar, 
silver chloride—coated silver electrodes were fixed to 
the anterior part of the myometrium in the fundal, 
medial, and cervical regions of both uterine horns for 
recording of the electromyogram. The needles of the 
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Fig. 2. Frequency of bursts (top) and of intrauterine pressure 
cycles (bottom) in one ewe from 12 hours before to 72 hours 
after administration (0 hours) of 0.1 mg of 17ß-estradiol. 


electrodes were 3 mm long with a diameter of 0.2 mm; 
the distance between the needles was 2 mm. Sponge- 
tipped pressure catheters to record intrauterine pres- 
sure were inserted into the cavity of both uterine horns 
through a small incision in the cervical region. The 
wires and catheters were passed subcutaneously to a 
pouch attached to the ewe’s flank. The ewes were al- 
lowed to recover from operation for at least 1 week 
before experiments were started. 

Recording procedures. During the recording peri- 
ods the ewes were housed in a quiet environment, with 
the recording equipment situated in an adjoining room. 
The electrical signals were filtered by a band-pass filter. 
For the lower and higher cutoff frequencies (— 3 dB) 
1 and 30 Hz were selected. Intrauterine pressure was 
measured by a Gould Statham P23 ID pressure trans- 
ducer. Electrical myometrial activity signals from three 
different regions as well as one intrauterine pressure 
signal were recorded on a Gould Brush eight-channel 
polygraph with a paper speed of 25 mm min“! and 
stored on magnetic tape for off-line computer analysis. 

Experimental protocol. Electrical and mechanical 
myometrial activity was recorded continuously from 16 
to 24 hours before to 72 hours after the intra-arterial 
administration of 0.1 mg of 17B-estradiol in 10 ml of 
10% ethanol. Myometrial activity was again recorded 
from 140 to 150 hours after the administration of 17- 
estradiol. Fifty consecutive intrauterine pressure cycles 
obtained before and 6, 24, 48, 72, and 144 hours after 
administration of 17R-estradiol were used for computer 
analysis. 

Two myometrial biopsy specimens (5 by 2 by 1 mm) 
were taken before and 6, 24, 48, 72, and 144 hours 
after administration of 0.1 mg of 17f-estradiol. The 
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Fig. 3. Mean values (+SD) of maximum rate of rise (MRR), 
peak pressure (PP), and active pressure area (APA) in 50 in- 
trauterine pressure cycles in four sheep before and 6, 24, 48, 
72, and 144 hours after administration of 0.1 mg of 17B- 
estradiol administered at 0 hours. 


procedure was performed with the animals under spi- 
nal anesthesia with 6 to 10 ml of 0.5% bupivacaine after 
sedation with ketamine hydrochloride in two animals 
at each sampling time. Each animal was sampled twice; 
for obvious reasons we could not take all tissue samples 
from each animal. 

Analytic procedures. In the intrauterine pressure 
signals the tonus was calculated in a moving window of 
1 minute. After detection of intrauterine pressure cy- 
cles (a temporal rise of at least 10 mm Hg above the 
tonus), the maximum rate of rise (calculated in a mov- 
ing window of 2 seconds), the peak pressure (maximum 
pressure minus the tonus), and the active pressure area 
(area under the intrauterine pressure cycle curve cor- 
rected for the tonus) were determined. The electro- 
myogram was analyzed for periods of distinct electrical 
activity, called bursts. The algorithms for the comput- 
erized analysis of the intrauterine pressure and elec- 
trical myometrial activity signals are described in detail 
elsewhere.’ 

The processing of the tissues and the electron mi- 
croscopic quantitation of gap junctions have been out- 
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Fig. 4. Top: Means of the percentage increase of maximum 
rate of rise (@), peak pressure (A), and active pressure area 
(0). Bottom: Means (+SEM) of the percentage gap junction 
area. 178-Estradiol, 0.1 mg, was administered at 0 hours. 


lined extensively before.” ° Briefly, the length of the 
plasma membrane was determined in 20 electron mi- 
crographs (at X 33,600 magnification) from each tissue. 
Each possible gap junction was further enlarged to 
x 100,000 magnification for identification and mea- 
surement. From these measurements the percentage of 
gap junction area relative to the area of plasma mem- 
brane was determined according to a procedure that 
has been reported in detail.’ 

Student's ¢ test was used for statistical analysis of 
differences between values of maximum rate of rise, 
peak pressure, active pressure area, and percentage of 
gap junction area before and after administration of 
17B-estradiol. Values of p < 0.05 were considered sig- 
nificant. 


Results 


Recordings of two ewes were incomplete because of 
catheter malfunctioning; these recordings were not 
used for analysis. In all animals myometrial activity be- 
fore administration of 17B-estradiol was characterized 
by a rhythmic pattern of bursts of electrical activity 
corresponding with intrauterine pressure cycles with a 
frequency of 0.75 to 1 per minute. After estrogen ad- 
ministration myometrial activity disappeared within 1 
hour in all animals. Electrical activity returned after a 
silent period of approximately 2 hours, and mechanical 
activity reappeared after 5 to 7 hours. Fig. 1 shows a 
composite of recordings of electrical and mechanical 
activity before and at several time intervals after ad» 
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Table I. Number and area of myometrial gap junctions in oophorectomized sheep before and after 
estrogen treatment 






















Total length of Total length of Relative area of 












gap junction non—gap junction gap junction 
No. of gap membrane membrane membrane (%, 
junctions (mm) (um) mean + SEM) 


Control, before 2 4 0.420 12.330 0.007 + 0.003 — 
estradiol 

After estradiol 
6 hr 2 8 0.840 18.766 0.009 + 0.004 NS 
24 hr 2 34 3.720 13.370 0.086 + 0.023 <0.01 
48 hr 2 14 2.100 9.510 0.045 + 0.019 NS 
72 hr 2 0.300 4.752 0.012 + 0.011 NS 
144 hr 2 3 0.195 8.814 0.005 + 0.003 NS 


Fn Á 


*As compared with control values. 


ministration of 17®-estradiol. Before and after 30 to 
40 hours following injection of 17B-estradiol the intra- 
uterine pressure cycles usually showed several small 
peaks (“small waves”). These small waves were related 
to bursts of electrical activity. The frequency of the 
bursts of electrical myometrial activity and the fre- 
quency of the intrauterine pressure cycles in one ewe, 
from 12 hours before to 72 hours after administration 
of estrogen, are shown in Fig. 2. In all animals the 
frequency of bursts and intrauterine pressure cycles 
after injection of 17B-estradiol showed periods of high 
activity alternating with periods of low activity. This 
pattern gradually returned to the pattern observed be- 
fore estrogen administration. 

Fig. 3 presents the mean values of the maximum rate 
of rise, peak pressure, and active pressure area calcu- 
lated from 50 cycles before and at various times after 


there was a rise in gap junction area, which reached 
maximum levels at 24 hours. Thereafter, a gradual fall 
was observed, and pretreatment levels were reached at 
about 72 hours. 


Comment 


The results of this study indicate that estradiol-in- 
duced changes in myometrial activity in nonpregnant 
oophorectomized sheep are associated with formation 
of gap junctions. In an earlier report we described and 
discussed the effects of various doses of 17B-estradiol 
in 10% ethanol on electrical and mechanical myome- 
trial activity. In the same study we showed that ad- 
ministration of ethanol alone in the amounts used to 
dissolve 178-estradiol had no effect on uterine activity. 
The observation in the present study that intra-arterial 
administration of a single dose of 0.1 mg of 17B-estra- 








estrogen administration. At 6 hours after 17B-estradiol diol is followed after 1 hour by a quiescent period of 4 
only one ewe showed myometrial activity. In all animals approximately 2 hours confirms previous findings.° Af- kr 
the maximum rate of rise showed a sharp increase at ter the return of electrical and mechanical activity in- 
24 hours after estrogen administration followed by a trauterine pressure cycles show alternating periods of 4 
gradual decline. The peak pressure was increased at high and low activity, an observation also reported by i 
94, 48, and 72 hours after injection of 17B-estradiol. others.*™!! The discrepancy between the frequency of q 
At 144 hours after estrogen administration peak pres- the intrauterine pressure cycles and the frequency of 4 
sure had returned to the level measured before. The the bursts in our study (Fig. 2) can be explained in part q 


active pressure area was low at 24 hours and showed 
an increase at 48 and 72 hours. 

Fig. 4 presents the mean of the percentage increase 
of the maximum rate of rise, peak pressure, and active 
pressure area calculated in four sheep, together with 
the changes in gap junction area. The maximum rate 
of rise reached its highest level at 24 hours, and peak 
pressure and active pressure area at 48 and 72 hours, 
respectively, after administration of 17f-estradiol. 

The results of the quantitative evaluation of the tis- 
sues for gap junction area are presented in Table I. 
Gap junctions were present in low numbers in tissues 
taken before the administration of a single intra-arterial 
injection of 0.1 mg of 17B-estradiol. After injection 


by the method of burst detection that we applied. Bursts 
as detected by the computer occur concomitantly with 
“small waves” in the intrauterine pressure signal (see 
Fig. 1). In addition bursts also occur after the quiescent 
period without any elevation in intrauterine pressure 
or in association with a rise in intrauterine pressure of 
<10 mm Hg, which is below our criterion for detection. 

An increase in the rate of rise of intrauterine pressure 
cycles after estradiol administration has also been ob- 
served by other investigators in sheep®’ and rats.'* The 
rate of rise can be regarded as a function of the re- 
cruitment of myometrial smooth muscle cells.’ The 
maximum increase in rate of rise occurs 24 hours after 
administration of estradiol and corresponds with the 
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maximum increase in myometrial gap junction area. 
This suggests that the observed increase in myometrial 
gap junction area enhances the coordination of the 
myometrial muscle cells. Similar observations were 
made in a study in oophorectomized postpartum rats 
equipped with a balloon catheter, in which the number 
of gap junctions showed an increase concomitant with 
an increase in the rate of rise of intrauterine pressure 
cycles, 15 hours after estrogen treatment.'? Windmoller 
et al.’ found a significantly increased response to a bolus 
challenge with oxytocin or prostaglandin F», 30 hours 
after estradiol infusion in oophorectomized sheep, 
which corresponds with the period of time after which 
gap junction area was found to be significantly elevated 
in our study. 

It is remarkable that the highest peak pressures and 
maximal active pressure areas occurred 48 and 72 
hours, respectively, after administration of estradiol 
(Fig. 4), when gap junction area appeared not to be 
significantly greater than before administration of es- 
tradiol. This may be explained by the fact that estrogens 
also influence uterine synthesis of prostaglandins," 
contractile filaments,'* receptors," uterine blood flow," 
and number and size of myometrial cells.'° Each of 
these factors is known to affect uterine contractility. 

The results of our study clearly confirm that estradiol 
stimulates gap junction formation, which is known to 
depend on protein synthesis.” The observation that in 
our study the number of gap junctions rises after a 
single bolus injection of 176-estradiol to reach its peak 
at approximately 24 hours supports the hypothesis 
that estradiol stimulates translocation of estradiol re- 
ceptors to the nucleus of myometrial cells, followed by 
nuclear receptor—mediated transcription and protein 
synthesis.‘ In the absence of circulating estradiol the 
levels of estradiol nuclear receptors will decline and the 
gap junctions will resolve.‘ The decline in the number 
of gap junctions from a maximum level at 24 hours to 
a low level at 72 hours after a single bolus of estradiol 
indicates a life span of the total population of gap junc- 
tions in vivo of approximately 48 hours. This is in 
agreement with results of studies in various pregnant 
animals, which show resolution of gap junctions 24 to 
48 hours after parturition.’ 

The close relationship between gap junction area and 
changes in the pattern of myometrial activity, partic- 
ularly the maximum rate of rise, in nonpregnant ewes 
provides further evidence to support the hypothesis 
that gap junctions improve the coordination of con- 
tractile forces in the myometrium. In the pregnant 
uterus the physiologic role of gap junctions seems to 
be to facilitate the spread of electrical activity during 
parturition. As yet the physiologic role of gap junctions 
in the nonpregnant uterus remains to be established. 
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Percent of patients showing BP change of 
15 mm Hg or greater after 7.4 months to 
7.9 months therapy with either conjugated 
estrogens or OGEN® (estropipate) 

OGEN Conjugated Estrogens 
(N=51) 


Percent i (N=35) Systolic 
with 
16 
Significant 
12 . . 
Diastolict 


(+15 mm Hg) Systolic’ 
8 


Rise , 8.6% Diastolict 23.5% 9.8% 
2.9% 





(0) 
*p<0.05 ( Fisher test) 


tp=0.112 ( Fisher exact probability ) 


Adapted from Wren et al, 1981! 


OGEN dosages ranged from 0.625 to 2.5 daily, 24 out of 30 days. Conjugated 
estrogen dosages ranged from 0.3 to 2.5, 24 out of 30 days. The majority of those 
experiencing a change, like the majority of the total sample, were also taking 

a progestogen, levonorgestrel 0.03 mg, from the 15th to the 24th day. 
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Because the risk of hypertension 
increases with age, it is appropriate to 
examine the effects of estrogen replacement 
on blood pressure. 

“More women receiving...{conjugated 
estrogens] had a clinically significant rise in 
blood pressure than those receiving Ogen..:"! 


Only estrone. Identical to the bodys own. 
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OGEN’ 
ESTROPIPATE TABLETS, USP 
Tablets 


WARNING: 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. 

Three independent case control studies have shown an increased 
risk of endometrial cancer in postmenopausal women exposed to ex- 
yi pogr estrogens for prolonged periods. This risk was independent 
of the other known risk factors for endometrial cancer. These studies 
are further supported by the finding that incidence rates of endome- 
trial cancer have increased sharply since 1969 in eight different 
areas of the United States with population-based cancer reporting 
systems, an increase which may be related to the rapidly expanding 
use of estrogens during the last decade. 

The three case control studies reported that the risk of endometri- 
al cancer in estrogen users was about 4.5 to 13.9 times greater than 
in nonusers. The risk appears to depend on both duration of treatment 
and on estrogen dose. In view of these findings, when estrogens are 
used for the treatment of menopausa! symptoms, the lowest dose 
that will control symptoms should be utilized and medication should 
be discontinued as soon as possible. When prolonged treatment is 
medically indicated, the patient should be reassessed on at least a 
semiannual basis to determine the need for continued therapy. Al- 
though the evidence must be considered preliminary, one study sug- 
oem that cyclic administration of low doses of estrogen may carry 
ess risk than continuous administration; it therefore appears prudent 
to utilize such a regimen. 

Close clinical surveillance of all women taking estrogens is impor- 
tant. In all cases of undiagnosed persistent or recurring abnormal 
vaginal bleeding, adequate diagnostic measures should be underta- 
ken to rule out malignancy. 

There is no evidence at present that “natural” estrogens are more 
or less hazardous than “synthetic” estrogens at equiestrogenic doses. 


2. OGEN SHOULD NOT BE USED DURING PREGNANCY. 

According to some investigators, the use of female sex hormones, 
both estrogens and progestogens, during early pregnancy may se- 
riously damage the offspring. Studies have reported that females ex- 
posed in utero to diethylstilbestrol, a non-steroidal estrogen, have an 
increased risk of developing in later life a form of vaginal or cervical 
cancer that is ordinarily extremely rare. In one of these studies, this 
risk was estimated as not greater than 4 per 1000 exposures. Further- 
more, there are reports that a high percentage of such exposed 
women (from 30 to 90 percent) have been found to have vaginal ad- 
enosis, epithelial changes of the vagina and cervix. Although these 
reported changes are histologically benign, the investigators have 
not determined whether they are precursors of adenocarcinoma. 

Several reports suggest an association between intrauterine expo- 
sure to female sex hormones and congenital anomalies in the off- 
spring, including heart defects and limb reduction defects. One case 
control study estimated a 4.7 fold increased risk of limb reduction 
defects in infants exposed in utero to sex hormones (oral contracep- 
tives, hormone withdrawal tests for pregnancy, or attempted treat- 
ment for threatened abortion). Some of these exposures were very 
short and involved only a few days of treatment. The data suggest 
that the risk of limb reduction defects in exposed fetuses is some- 
what less than 1 per 1000. 

In the past, female sex hormones have been used during pregnan- 
cy in an attempt to treat threatened or habitual abortion. UGEN has 
not been studied for these uses, and therefore should not be used 
during pregnancy. There is no evidence from well controlled studies 
that propesiogens are effective for these uses. 

If OGEN (estropipate tablets) is used during pregnancy, or if the 
patient becomes pregnant while taking this drug, she should be ap- 
prised of the potential risks to the fetus, and the question of continu- 
ation of the pregnancy should be addressed. 


INDICATIONS AND USAGE e 

The cyclic administration (See “DOSAGE AND ADMINISTRATION” section) 
of OGEN (estropipate tablets) is indicated for the treatment of estrogen 
deficiency associated with: 

1. Moderate to severe vasomotor symptoms of menopause. (There is 
no evidence that estrogens are effective for nervous symptoms or depres- 
sion which might occur during menopause, and they should not be used to 
treat these conditions.) 

2. Atrophic vaginitis. 

3. Kraurosis vulvae. 

4. Female hypogonadism. 

5. Female castration. 

6. Primary ovarian failure. 

OGEN (ESTROPIPATE TABLETS) HAS NOT BEEN TESTED FOR 
EFFICACY FOR ANY PURPOSE DURING PREGNANCY. SINCE ITS 
EFFECT UPON THE FETUS IS UNKNOWN, IT CANNOT BE RECOM- 
cannes” ANY CONDITION DURING PREGNANCY (SEE BOXED 


ONTRAINDICATIONS 

EN should not be used in women with any of the follewing conditions: 

1. Known or suspected cancer of the breast. 

2. Known or suspected estrogen-dependent neoplasia. 

3. UGEN may cause fetal harm when administered to a pregnant 
woman. OGEN is contraindicated in women who are or may become preg- 
nant (See Boxed Warning). 

4. Undiagnosed abnormal genital bleeding. 

5. Active thrombophlebitis or thromboembolic disorders. 

6. A past history of thrombophlebitis, thrombosis, or thromboembolic 
disorders associated with previous estrogen use. 


WARNINGS 
1. Induction of malignant neoplasms. Long-term continuous administra- 
tion of natural and synthetic estrogens in certain animal species has been 
reported by some investigators to increase the frequency of carcinomas of 
the breast, cervix, vagina, and liver. There is now evidence that estrogens 
increase the risk of carcinoma of the endometrium in humans. (See Boxed 
wetting). 
At the present time there is no conclusive evidence that estrogens 
iven to postmenopausal women increase the risk of cancer of the breast. 
ere are, however, a few retrospective studies which suggest a small but 
statistically significant increase in the risk factor for breast cancer among 
these women. Therefore, caution should be exercised when administering 
estrogens to women with a strong family history of breast cancer or who 
have breast nodules, fibrocystic disease, or abnormal mammograms. Care- 
ful breast examinations should be performed periodically. 

2. Gall bladder disease. A recent study has reported a 2 to 3-fold in- 
crease in the risk of surgically confirmed gall bladder disease in women re- 
ceiving postmenopausal estrogens, similar to the 2-fold increase previous- 
ly noted in users of oral contraceptives. In the case of oral contraceptives, 
the increased risk appeared after two years of use. 

3. Effeets similar to those caused by estrogen-progestogen oral con- 
traceptives. There are several serious adverse effects of oral contracep- 
tives, most of which have not, up to now, been documented as conse- 
quences of postmenopausal estrogen therapy. This may reflect the com- 
paratively low doses of estrogen used in postmenopausal women. It would 





be expected that the mmi t doses of estrogen used to treat postpartum 
breast engorgement would be more likely to result in these adverse ef- 
fects, and, in fact, it has been shown that there is an increased risk of 
thrombosis in women receiving estrogens for postpartum breast engorge- 
ment. 

a. Thromboembolic disease. \t is now well established that users of 
oral contraceptives have an increased risk of various thromboembolic and 
thrombotic vascular diseases, such as thrombophlebitis, pulmonary embo- 
lism, stroke, and myocardial infarction. Cases of retinal thrombosis, 
mesenteric thrombosis, and optic neuritis have been reported in oral con- 
traceptive users. There is evidence that the risk of several of these ad- 
verse reactions is related to the dose of the drug. An increased risk of post- 
— thromboembolic complications has also been reported in users of 
oral contraceptives. If feasible, estrogen should be discontinued at least 4 
weeks before surgery of the type associated with an increased risk of 
thromboembolism; it should also be discontinued during periods of pro- 
longed immobilization. 

While an increased rate of thromboembolic and thrombotic disease in 
postmenopausal users of estrogens has not been found this does not rule 
out the possibility that such an increase may be present or that subgroups 
of women who have underlying risk factors or who are receiving relatively 
large doses of estrogens may have increased risk. Therefore estrogens 
should not be used in persons with active thrombophlebitis or thromboem- 
bolic disorders, and they should not be used in persons with a history of 
such disorders in association with ngeh use. They should be used with 
caution in patients with cerebral vascular or coronary artery disease and 
only for those in whom estrogens are clearly needed. 

Large doses of estrogen (5 mg conjugated estrogens per day), compara- 
ble to those used to treat cancer of the prostate and breast, have been 
shown in a large prospective clinical trial in men to increase the risk of 
nonfatal myocardial infarction, pulmonary embolism and thrombophlebitis. 
When estrogen doses of this size are used, any of the thromboembolic and 
thrombotic adverse effects associated with oral contraceptive use should 
be considered a clear risk. 

b. Hepatic adenoma. Benign hepatic adenomas appear to be associat- 
ed with the use of oral contraceptives. Although benign, and rare, these 
may rupture and cause death through intraabdominal hemorrhage. Such le- 
sions have not yet been reported in association with other estrogen or pro- 
gestogen preparations but should be considered in estrogen users having 
abdominal pain and tenderness, abdominal mass, or hypovolemic shock. 
Hepatocellular carcinoma has also been reported in women taking 
estrogen-containing oral contraceptives. The relationship of this malignan- 
cy to these drugs is not known at this time. 

c. Elevated blood pressure. \ncreased blood pressure is not uncommon 
in women using oral contraceptives. There is now a report that this may 
occur with use of estrogens in the menopause and blood pressure should 
be monitored with estrogen use, sapiy if high doses are used. 

d. Glucose tolerance. A worsening of glucose tolerance has been ob- 
served in a significant percentage of patients on cs Sy onata oral 
contraceptives. For this reason, diabetic patients should be carefully ob- 
served while receiving estrogen. 

4. Hypercalcemia. Administration of estrogens may lead to severe hy- 
percalcemia in patients with breast cancer and bone metastases. If this 
occurs, the drug should be stopped and appropriate measures taken to 
reduce the serum calcium level. 


PRECAUTIONS 
A. General Precautions. 

1. A complete medical and family history should be taken prior to the 
initiation of any estrogen therapy. The pretreatment and periodic physical 
examinations should include special reference to blood pressure, breasts, 
abdomen, and pelvic organs, and should include a Papanicolau smear. As 
a general rule, estrogen should not be prescribed for longer than one year 
without another physical examination being performed. 

2. Fluid retention — Estrogens may cause some degree of fluid reten- 
tion. Therefore, patients with conditions such as epilepsy, migraine, and 
cardiac or renal dysfunction, which might be influenced by this factor, re- 
quire careful observation. 

3. Certain patients may develop undesirable manifestations of exces- 
sive estrogenic stimulation, such as abnormal or excessive uterine bleed- 
ing, mastodynia, etc. 

4. Oral contraceptives appear to be associated with an increased inci- 
dence of mental depression. Although it is not clear whether this is due to 
the estrogenic or progestogenic component of the contraceptive, patients 
with a history of depression should be carefully observed. 

5. Preexisting uterine leiomyomata may increase in size during estro- 
gen use. 

6. The pathologist should be advised of the patient's use of estrogen 
adany when relevant specimens are submitted. 

7. Patients with a past history of jaundice during pregnancy have an in- 
creased risk of recurrence of jaundice while receiving estrogen-containing 
oral contraceptive therapy. If jaundice develops in any patient receiving 
— the medication should be discontinued while the cause is inves- 
tigated. 

8. egi y may be poorly metabolized in patients with impaired liver 
function and they should be administered with caution in such patients. 

9. Because estrogens influence the metabolism of calcium and phos- 
phorus, they should be used with caution in patients with metabolic bone 
diseases that are associated with hypercalcemia or in patients with renal 
insufficiency. 

B. Information for the Patient. See text of Patient Package Insert which 
appears after PHYSICIAN REFERENCES. 

C. Drug Interactions. The concomitant use of any drugs which can induce 
hepatic microsomal enzymes with estrogens may produce estrogen levels 
ran iin lower than would be expected from the dose of estrogen admin- 
istered. 

The use of broad spectrum antibiotics which profoundly effect intesti- 
nal flora may influence the absorption of steroidal compounds including 
the estrogens. 

Diabetics receiving /nsu/in may have increased insulin requirements 
when receiving estrogens. 

Laboratory Test Interference. Certain endocrine and liver function tests 
may be affected by estrogen-containing oral contraceptives. The following 
similar changes may be expected with larger doses of estrogen: 

a. Increased sulfobromophthalein retention. 

b. Increased prothrombin and factors VII, VIII, IX, and X; decreased an- 
tithrombin 3; increased norepinephrine-induced platelet aggregability. 

c. Increased thyroid binding globulin (TBG) leading to increased cir- 
culating total thyroid hormone, as measured by PBI, TA by column, or T4 
by radioimmunoassay. Free T3 resin uptake is decreased, reflecting the 
elevated TBG; free T4 concentration is unaltered. 

d. Abnormal glucose tolerance test results. 

e. Decreased pregnanediol excretion. 

f. Reduced response to metyrapone test. 

g. Reduced serum folate concentration. 

h. Increased serum triglyceride and phospholipid concentration. 

D. Carcinogenesis. Studies have shown an increased risk of endometrial 
cancer in postmenopausal women exposed to exogenous estrogens for 
prolonged periods (see Boxed Warning). At the present time there is no 
conclusive evidence that estrogens given to postmenopausal women in- 
crease the risk of cancer of the breast. There are, however, a few retro- 
spective studies which suggest a small but statistically significant increase 
in the risk factor for breast cancer among these women. (See “WARN- 
INGS” section.) 

E. Pregnancy. Pregnancy Category X. See “CONTRAINDICATIONS” section 
and Boxed Warning. 

F. Nursing Mothers. Estrogens have been reported to be excreted in 
human breast milk. Caution should be exercised when OGEN is adminis- 
tered to a nursing woman. 

G. Pediatric Use. Because of the effects of estrogens on epiphyseal clo- 
sure, they should be used judiciously in young patients in whom bone 
growth is not complete. 


Pa See Tye Ly St RS D sia Bh ALLS 
ADVERSE REACTIONS 


(See Warnings regarding reports of possible induction of neoplasia, un- 
known effects upon the fe 
and adverse effects similar to those of oral contraceptives, including 
thromboembolism.) The following additional adverse reactions in decreas- 
ing order of severity within each category have been reported with es- 
trogenic therapy, including oral contraceptives: 

1. Genitourinary system. 

Increase in size of uterine fibromyomata. 

Vaginal candidiasis. 

Cystitis-like syndrome. 

Dysmenorrhea. 

Amenorrhea mien and after treatment. 

Change in cervical eversion and in degree of cervical secretion. 

Breakthrough bleeding, spotting, change in menstrual flow. 

Premenstrual-like syndrome, 

2. Breast. 

Tenderness, enlargement, secretion. 

3. Gastrointestinal. 

Cholestatic jaundice. 

Vomiting, nausea. 

Abdominal cramps, bloating. 


4. Skin. t s 


Hemorrhagic eruption. 
Erythema nodosum. 
Erythema multiforme 
Hirsutism. 
Chloasma or melasma which may persist when drug is discontinued. 
Loss of scalp hair. 

Eyes. 
Steepening of corneal curvature. 
Intolerance to contact lenses. 
6. CNS. 
Chorea. 
Mental depression. 
Migraine, dizziness, headache. 
7. Miscellaneous. 
Aggravation of porphyria. 
Edema. 
Reduced carbohydrate tolerance. 
Increase or decrease in weight 
Changes in libido. 


OVERDOSAGE 


contraceptives by young children indicate that serious ill effects do not 


occur. Overdosage of estrogen may cause nausea and withdrawal bleeding 


may occur in females. 


DOSAGE AND ADMINISTRATION 
1. Given cyclically for short-term use: 

For treatment of moderate to severe vasomotor symptoms, atrophic 
vaginitis, or kraurosis vulvae associated with the menopause. 

The lowest dose that will control symptoms should be chosen and medi- 
cation should be discontinued as promptly as possible. 

Administration should be cyclic (e.g., 3 weeks on and 1 week off). 


Attempts to discontinue or taper medication should be made at3to6 


month intervals. 


Usual dosage ranges: 
Vasomotor symptoms —One OGEN 625 Tablet to one OGEN 5 


Tablet per day. The lowest dese that will control symptoms should be 


chosen. If the patient has not menstruated within the last two months or 
more, cyclic administration is started arbitrarily. If the patient is menstruat- 
ing, cyclic administration is started on day 5 of bleeding. 

Atrophic vaginitis and kraurosis vulvae — One UGEN 625 Tablet to 
one OGEN 5 Tablet daily. depending upon the tissue response of the indi- 


vidual patient. The lowest dose that will contro! symptoms should be — . 


chosen. Administer cyclically. 
2. Given cyclically: 

Female hypogonadism; fema'e castration; primary ovarian failure. 
Usual dosage ranges: 

Female Ly grrr — A daily dose of one OGEN 1.25 Tablet to 
three OGEN 2.5 Tablets may be given for the first three weeks of a theo- 
retical cycle, followed by a rest period of eight to ten days. The lowest 
dose that will control symptoms should be chosen. If bleeding does not 


occur by the end of this period, the same dosage schedule is repeated. The 


tus. increased incidence of gall bladder disease, — 


Numerous reports of ingestion of large doses of estrogen-containing oral 





e 


number of courses of estrogen therapy necessary to produce bleeding may 


vary depending on the responsiveness of the endometrium. If satisfactory 
withdrawal bleeding does not occur, an oral progestogen may be given in 
addition to estrogen during the third week of the cycle. 


Female castration and primary ovarian failure —A daily dose of one — 


OGEN 1.25 Tablet to three OGEN 2.5 Tablets may be given for the first 
three weeks of a theoretical cycle, followed by a rest period of eight to 
ten days. Adjust dosage upward or downward according to severity of 
symptoms and response of the patient. For maintenance, adjust dosage to 
lowest level that will provide effective control. 

Treated patients with an intact uterus should be monitored closely for 
signs of endometrial cancer and appropriate diagnostic measures should 
be taken to rule out malignancy in the event of persistent or recurring ab- 
normal vaginal bleeding. 


HOW SUPPLIED 
OGEN (estropipate tablets, USP) is supplied as OGEN .625 (0.75 mg estro- 
pipate), yellow tablets, NDC 0074-3943-04; OGEN 1.25 (1.5 mg estropi- 
pate), peach-colored tablets, NDC 0074-3946-04; OGEN 2.5 (3 mg estro- 
pipate), blue tablets, NDC 0074-3951-04; and OGEN 5 (6 mg estropi- 
pate), light green tablets, NDC 0074-3958-13. Tablets of all four dosage 
levels are standardized to provide uniform estrone activity and are 
rooved (Divide-Tab®) to provide dosage flexibility. All tablet sizes of 
GEN are available in bottles of 100. 


5043716/R1 


Abbott Pharmaceuticals, Inc. 
North Chicago, Illinois 60064 
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Why risk significant 


Bacteroides fragili 





Cefotan has gaps‘ in its coverage 
of these B. fragilis group**organisms. 


MEFOXIN does not. 









Clinical indications for intraabdominal infections*t 









Mefoxin 


(Cefoxitin Sodium|MSD} 


Cefotan” 


[ cefotetan disodium) 







Bacteroides species 






including B. fragilis* 


B. thetaiotaomicron 


B. vulgatus* 









TMEFOXIN is indicated for the treatment of intraabdominal **These organisms, formerly considered subspecies of 
infections, including peritonitis and intraabdominal B. fragilis, have been given species status; however, 
abscess, caused by Escherichia coli, Klebsiella species, because of similarities in their clinical significance and 
Bacteroides species including the Bacteroides fragilis laboratory characteristics, they are often considered 
group (B. fragilis, B. distasonis, B. ovatus, together as the “B. fragilis group.” 

B. thetaiotaomicron, B. vulgatus), and Clostridium species. tThe prescribing information for Cefotan lists no specific 
TT Cefotan is a registered trademark of IC! Americas Inc. indication for infections caused by this organism. ' 


Copyright © 1986 by Merck & Co.. INC. 





Conclusion: Cefotan is not 
equal to MEFOXIN in activity** 
against the B. fragilis group. 


All five of these Bacteroides 
are proven pathogens. 


The evidence is conclusive. 


fact: At one institution, B. distasonis, B. ovatus, 
B. thetaiotaomicron, and B. vulgatus accounted for 
60% of the B. fragilis group isolates from 

185 intraabdominal infections.” 


fact: B. fragilis and B. thetaiotaomicron are 
species of great clinical significance and are present 
in most intraabdominal infections. 


fact: Rosenblatt also isolated all five of these 
Bacteroides from clinical specimens at a major 
teaching institution.’ 


fact: Chow and Guze reported bacteremia and 
sepsis due to each of these five members of the 
B. fragilis group.’ 


fact: The prescribing information for Cefotan 
specifically states that most strains of B. distasonis, 
B. ovatus, and B. thetaiotaomicron are resistant.’ 


fact: The absence of susceptibility of these 
Bacteroides fragilis species to Cefotan clearly 
shows that.Cefotan does not have the same 
anaerobic spectrum as MEFOXIN. 


*i.e., B. distasonis, B. ovatus, and B. thetaiotaomicron 
t/n vitro activity does not necessarily imply in vivo effectiveness. 


1. Prescribing information for Cefotan (Stuart), March 1986. 

2. Sutter, V.L. et al.: Wadsworth Anaerobic Bacteriology Manual, 
4th ed., Belmont, CA, Star Publishing Co., 1985, p. 8. 

3. Rosenblatt, J.E.: Anaerobic bacteria, in Laboratory Procedures 
in Clinical Microbiology, ed. J.A. Washington, New York, 
Springer-Verlag, 1981, pp. 309-364. 

4. Chow, A.W. and Guze, L.B.: Bacteroidaceae bacteremia: Clinical 
experience with 112 patients, Medicine 53(2):93-126, 1974. 





Cefoxitin Sodium | MSD 


MEFOXIN is contraindicated in patients who have shown 
hypersensitivity to cefoxitin and the cephalosporin group of 
antibiotics. Before therapy with MEFOXIN is instituted, 
careful inquiry should be made to determine whether the 
patient has had previous hypersensitivity reactions to 
cefoxitin, cephalosporins, penicillins, or other drugs. 


Pseudomembranous colitis, from mild to life-threatening 

in severity, has been reported with virtually all antibiotics 
(including cephalosporins); therefore, it is important to 
consider its diagnosis when diarrhea develops in association 
with antibiotic use. 


MSD 
ERCK For a Brief Summary of 
AANE Prescribing Information, 

SHAR 


please see following page. 
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Mefoxin “i. (CefoxitinSodiumiMSD) 


Indications and Usage: Teatment—Serious infections caused by susceptible strains of the 
designated microorganisms in the following diseases: 


` LOWER RESPIRATORY TRACT INFECTIONS, including pneumonia and lung abscess, caused by 


Streptococcus pneumoniae ly Diplococcus pneumoniae), other streptococci (excluding 
enterococci, e.g., aop, faecalis), Staphylococcus aureus (penicillinase and non-penicillinase 
ia coli, Klebsiella species, Hemophilus influenzae, and Bacteroides 
species. 
GENITOURINARY INFECTIONS. Urinary tract infections caused by E. coli, Klebsiella species, 
Proteus mirabilis, indole-positive Proteus (i.e., P morganii, P rettgeri, and P vulgaris), and 
Providencia species. Uncomplicated gonorrhea due to Neisseria gonorrhoeae (penicillinase 
and non-penicillinase producing). 
INTRA-ABDOMINAL INFECTIONS, including peritonitis and intra-abdominal abscess, caused by 
E. coli, Klebsiella species, Bacteroides species including the B. fragilis group,§ and Clostridium 
Species. 
GYNECOLOGICAL INFECTIONS, including endometritis, pelvic cellulitis, and pelvic inflamma- 
tory disease, caused by E. coli, N. gonorrhoeae (penicillinase and non-penicillinase producing), 
Bacteroides species including the B. fragilis group,§ Clostridium species, Peptococcus species, 
Peptostreptococcus species, and group B streptococci. 
SEPTICEMIA caused y Strep. pneumoniae (formerly D. pneumoniae), ey aureus (penicil- 
linase and non-penicillinase producing), E. coli, Klebsiella species, and Bacteroides species 
including the B. fragilis group.§ 
por AND JOINT INFECTIONS caused by Staph. aureus (penicillinase and non-penicillinase 
producing). 
SKIN AND SKIN STRUCTURE INFECTIONS caused by Staph. aureus (penicillinase and non- 
penicillinase producing), Staph. epidermidis, my ee (excluding enterococci, 8, en 
faecalis), E. coli, P mirabilis, Klebsiella species, Bacteroides species including the B. fragilis 
group,§ Clostridium species, Peptococcus species, and Peptostreptococcus species. 
Although appropriate culture and susceptibility studies should be performed, therapy may be 
Started while awaiting these results. Cefoxitin is not active in vitro against most strains of Pseu- 
domonas aeruginosa and enterococci (e.g., Strep. faecalis) and many strains of Enterobacter clo- 
acae. Methicillin-resistant staphylococci are almost uniformly resistant to cefoxitin. 
ons: Previous hypersensitivity to cefoxitin and the cephalosporin group of anti- 
iotics. 
Warnings: BEFORE THERAPY IS INSTITUTED, CAREFUL INQUIRY SHOULD BE MADE TO DE- 
TERMINE PREVIOUS HYPERSENSITIVITY REACTIONS TO CEFOXITIN, CEPHALOSPORINS, 
PENICILLINS, OR OTHER DRUGS. GIVE WITH CAUTION TO PENICILLIN-SENSITIVE PATIENTS. 
ANTIBIOTICS SHOULD BE ADMINISTERED WITH CAUTION TO ANY PATIENT WHO HAS DEM- 
ONSTRATED SOME FORM OF ALLERGY, PARTICULARLY TO DRUGS. IF AN ALLERGIC REAC- 
TION TO CEFOXITIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPERSENSITIVITY 
REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER EMERGENCY MEASURES. 


= Pseudomembranous colitis, from mild to life-threatening in severity, has been re- 


ported with virtually all antibiotics (including cephalosporins); therefore, itis im- 
portant to consider its diagnosis when diarrhea develops in association with 
antibiotic use. Broad-spectrum antibiotics alter normal flora of colon and may permit over- 
growth of clostridia; a toxin produced by Clostridium difficile is a primary cause of antibiotic- 
associated colitis. Mild cases may respond to drug discontinuance alone; in more severe Cases, 
management may include sigmoidoscopy, appropriate bacteriological studies, fluid, electrolyte 
and protein su P ementation, and use of a drug such as oral “nl a isolation of the patient 
may be advisable. Other causes of colitis should also be considered. 

Precautions: Genera/—Total daily dose should be reduced in patients with reduced urinary out- 
pul due to renal insufficiency because high and prolonged serum antibiotic concentrations can 
occur from usual doses. Prescribe with caution in patients with a history of gastrointestinal dis- 
ease, taray colitis. Prolonged use may result in overgrowth of nonsusceptible organisms; 
repeated evaluation of the patient's condition is essential. If superintection occurs, take appropri- 
ate measures. G 

Drug Interactions—\ncreased nephrotoxicity has been reported following concomitant adminis- 
tration of cephalosporins and aminoglycoside antibiotics 

Drug/Laboratory Test Interactions—High concentrations (>100 mcg/mL) may interfere with 
measurement of serum and urine creatinine levels by the Jaffé reaction and produce false in- 
creases of modest degree in creatinine levels reported: serum samples should not be analyzed for 
Creatinine if withdrawn within 2 hours of cefoxitin administration. High concentrations may inter- 
fere with measurement of urinary 17-hydroxy-corticosteroids by the Porter-Silber reaction and 
produce false increases of modest degree in levels reported. A false-positive reaction for glucose 
in urine has been observed with CLINITEST !! reagent tablets. 

Carcinogenesis, Mutagenesis, Fertility Impairment—No long-term animal study has been per- 
formed on carcinogenic or mutagenic potential. Rat studies at approximately three times maxi- 
mum recommended human dosage revealed no effects on fertility or mating ability. 

Pregnancy Category B—Reproduction studies in rats and mice did not reveal teratogenic or fetal 
toxic effects, although fetal weights were slightly decreased. In rabbits, cefoxitin was associated 
with a high incidence of abortion and maternal death, neither considered teratogenic. There are, 
however, no adequate and well-controlled studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human response, this drug should be used during preg- 
nancy only if clearly needed. 

Nursing Mothers—Excreted in human milk: Exercise caution. 

Pediatric Use—Salely and efficacy in infants from birth to three months have not yet been estab- 
lished. In children three months and older, higher doses have been associated with increased inci- 
dence of eosinophilia and elevated SGOT. 

Adverse Reactions: The most common adverse reactions have been local reactions following 
intravenous or intramuscular injection. Other adverse reactions have been encountered infre- 
quently. Local Reactions—Thrombophlebitis with intravenous administration; pain, induration, 
and tenderness after intramuscular injections. fae Reactions—Rash (including exfoliative 
dermatitis), pruritus, eosinophilia, fever, and other allergic reactions including anaphylaxis. Car- 
diovascular—Hypotension. Gastrointestinal—Diarthea, including documented pseudomembra- 
nous colitis during or after treatment, and, rarely, nausea and vomiting. Blood—Eosinophilia, 
leukopenia including panuucyiopaa, neutropenia, anemia, including hemolytic anemia, 
thrombocytopenia, and bone marrow depression. A positive direct Coombs test may develop in 
some individuals, especially those with azotemia. Liver Function—Transient elevations in SGOT, 
SGPT, serum LDH, and serum alkaline phosphatase. Renal Function—levations in serum creati- 
nine and/or blood urea nitrogen levels and, rarely, acute renal failure. 

Note: In group A beta-hemolytic streptococcal infections, therapy should be maintained for at 
least 10 days to guard against the risk of rheumatic fever or glomerulonephritis. In staphylococcal 
and other infections involving a collection of pus, surgical drainage should be carried out where 
indicated. Intramuscular injections, should be well within the body of a relatively large muscle 
such as the upper outer quadrant of the buttock s gluteus maximus); aspiration is nec to 
avoid inadvertent injection into a blood vessel. The total daily dosage in infants and children 
should not exceed 12 grams. 

How Supplied: Sterile cefoxitin sodium in vials and infusion bottles contain- 
ing 1 gram or 2 grams cefoxitin equivalent and in 10-gram bulk bottles. 


5 B. fragilis, B. distasonis, B. ovatus. B. thetaiotaomicron, B. vulgatus 
Il Registered trademark of Ames Company, Division of Miles Laboratories, Inc. 


For more detailed information, consult ou MSD Representative ME REK 
or see Prescribing Information. Merck Sharp & Dohme, x, 
Division of Merck & Co., INC., West Point, PA 19486 J6MF48(120) OHME 
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OBSTETRICIAN/ 
GYNECOLOGIST 


Board eligible or board certified 
obstetrician / gynecologist sought to 
join an established two-physician 
practice. Excellent opportunity in a 
progressive, appealing community, 
one hour south of Atlanta. Competitive 
salary and benefits. Recreational 
facilities in area include hunting, fish- 
ing, boating, water skiing, golf, tennis, 
and skeet. Excellent hospital facilities, 
schools, and housing. 


Submit cirriculum vitae and references 
to: 


OB/GYN 
P. O. Box 486 
LaGrange, GA 30241 





FACULTY POSITION 
DIVISION OF GYNECOLOGY 
UNIVERSITY OF WASHINGTON 


A Ph.D. microbiologist with a minimum of 
two years of postdoctoral experience is 
sought to join the faculty (non tenure- 
track) in the Department of Obstetrics and 
Gynecology at the University of 
Washington. The individual should have 
experience in facultative and anaerobic 
microbiology and familiarity with current 
research in genital microbiology. Respon- 
sibilities include teaching and research. 
The individual must be able to conduct 
independent clinical and basic science 
research and will be expected to provide 
grant-derived salary support. A position is 
available immediately. 


Please send a curriculum vitae to: 


David A. Eschenbach, M.D. 
Professor and Director 
Division of Gynecology, RH-20 
University of Washington 
Seattle, WA 98195 
(206) 543-2444 


An equal opportunity / affirmative action employer. - 











Here’s what 
MOSBY’S 
BOUND 
VOLUMES 
can add to 
your practice! 


m 


MOSBY 


TIMES MIRROR 








Handsomely bound in durable buckram with rich 
gold stamping, bound journal reference volumes are 
important to every successful practice. 


e gives quick and easy access to important journal 
articles 

e eliminates problems with missing issues or pages 

e makes your regular subscription a “working”? copy 
to mark up, tear from, or file 

e offers an inexpensive and easy way to guarantee 
bound reference volumes—prices include shipping 


You Must Order Now! 

Bound volumes are made up from over-run copies 
of each journal issue. You never worry about 
sending out your personal copies. But over-run 
quantities are limited. We need your order today! 
Bound volumes are only available to current 
subscribers and may not be ordered in place of a 
regular journal subscription. Payment must 
accompany your order. 


Credit Card Orders In The U.S. Call FREE: 
1-800-325-4177, ext. 351 
(In Missouri, call collect: (314) 872-8370, ext. 351) 





we ey 


YES! Send me the 1986 bound 
volumes of: 


O AMERICAN JOURNAL 
OF OBSTETRICS AND 
GYNECOLOGY 


Jan.-June, 1986 (Vol. 154, No. 1-6) 
July-Dec., 1986 (Vol. 155, No. 1-6) 
Total 1986 Price, Two Volume Set 
USA International 
$51.00 $74.00 


All orders must include payment. Bound 
volumes are non-returnable. 


My check for $________ is enclosed. 
O VISA O MasterCard 


Card No. 
Exp. date 
Name 


(Please Print) 


Journal Subscriber No. 





Address 
City 
Sigthes oa a. es 2 


Clip and return coupon to: The C.V. 
Mosby Company, Attn: Bound Volumes, 
11830 Westline Industrial Dr., St. Louis, 
MO 63146. Outside the U.S. please pay 
by check drawn on a U.S. bank in U.S. 
dollars or use credit card. ABS-102 
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THE RIGHT fbr 
CHEMISTRY pore lol — 





© 1986 Mead Johnson & Company « Evansville, Indiana 47721 USA MJL5-4169 


THE RIGHT rEg 
25 DAYS OF 
REGIMEN Ever MONTH 
EVERY MONTH 

ESTRACE is 178-estradiol—just like the 
estrogen she made before menopause. 
Like the natural hormone, it follows a 
simple, well-known metabolic pathway, 
and it provides unsurpassed relief of 
postmenopausal vasomotor symptoms. 

Micronized for good oral absorp- 
tion, ESTRACE produces prompt, pre- 
dictable serum levels of estradiol and 
estrone. Between cycles, ES TRACE is 
rapidly eliminated, providing estrogen 
replacement therapy that closely follows 
the premenopausal pattern... for true 
cyclic therapy. 

Now its in the ESTRACE Cycle Pak— 
an easy-to-carry compact, designed to 
deliver a starting dose of 2 mg in the 


preferred 25-day regimen. Cycle Paks 
delivering 1 mg daily are also available, 


if needed 


| Meadin arom 


For Brief Summary, please see following page. 





ONLY NEW 
ES TRACE 


(ESTRADIOL) = 


CYC LE PAK 





HAS BOTH 
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ES TRACE estradiol) 


TABLETS, 1 mg and 2 mg VAGINAL CREAM, 0.01% 


Warning 
1. ESTROGENS HAVE BEEN REPORTED TO INCREASE THE 
RISK OF ENDOMETRIAL CARCINOMA. Three independent case 
control studies have shown an increased risk of endometrial cancer in 
postmenopausal women exposed to exogenous estrogens for 
prolonged periods. This risk was independent of the other known risk 
factors for endometrial cancer. These studies are further supported 
by the finding that incidence rates of endometrial cancer have 
increased sharply since 1969 in eight different areas of the United 
States with population-based cancer reporting systems, an increase 
which may be related to the rapidly expanding use of estrogens 
during the last decade. The three case control studies reported that 
the risk of endometrial cancer in estrogen users was about 4.5 to 13.9 
times greater than in nonusers. The risk appears to depend on both 
duration of treatment and on estrogen dose. In view of these findings, 
when estrogens are used for the treatment of menopausal symptoms, 
the lowest dose that will control symptoms should be utilized and 
medication should be discontinued as soon as possible. When 
prolonged treatment is medically indicated, the patient should be 
reassessed on at least a semiannual basis to determine the need for 
continued therapy. Although the evidence must be considered prelimi- 
nary, one study suggests that cyclic administration of low doses of 
estrogen may carry less risk than continuous administration; it there- 
fore appears prudent to utilize such a regimen. Close clinical surveil- 
lance of all women taking estrogens is important. In all cases of 
undiagnosed persistent or recurring abnormal vaginal bleeding, 
adequate diagnostic measures should be undertaken to rule out 
malignancy. There is no evidence at present that “natural” estrogens 
are more or less hazardous than “synthetic” estrogens at equiestro- 
genic doses. 

2. ESTROGENS SHOULD NOT BE USED DURING PREGNANCY. 
The use of female sex hormones, both estrogens and progestogens, 
during early pregnancy may seriously damage the offspring. It has 
been shown that females exposed in utero to diethylstilbestrol!, a non- 
steroidal estrogen, have an increased risk of developing in later life a 
form of vaginal or cervical cancer that is ordinarily extremely rare. 
This risk has been estimated as not greater than 4 per 1000 expo- 
sures. Furthermore, a high percentage of such exposed women (from 
30 to 90 percent) have been found to have vagina! adenosis, epithe- 
lial changes of the vagina and cervix. Although these changes are 
histologically benign, it is not known whether they are precursors of 
malignancy. Although similar data are not available with the use of 
other estrogens, it cannot be presumed they would not induce similar 
changes. Several reports suggest an association between intrauter- 
ine exposure to female sex hormones and congenital anomalies, 
including congenital heart defects and limb reduction defects. One 
case control study estimated a 4.7-fold increased risk of limb reduc- 
tion defects in infants exposed in utero to sex hormones (oral contra- 
ceptives, hormone withdrawal tests for pregnancy, or attempted 
treatment for threatened abortion). Some of these exposures were 
very short and involved only a few days of treatment. The data 
suggest that the risk of limb reduction defects in exposed fetuses is 
somewhat less than 1 per 1000. In the past, female sex hormones 
have been used during pregnancy in an attempt to treat threatened or 
habitual abortion. There is considerable evidence that estrogens are 
ineffective for these indications, and there is no evidence from well 
controlled studies that progestogens are effective for these uses. If 
ESTRACE® (estradiol) is used during pregnancy, or if the patient 
becomes pregnant while taking this drug, she should be apprised of 
the potential risks to the fetus and the advisability of pregnancy 
continuation. 































































Indications: Tablets: Moderate to severe vasomotor symptoms associ- 
ated with the menopause (There is no evidence that estrogens are effec- 
tive for nervous symptoms or depression which might occur during 
menopause, and they should not be used to treat these conditions.); 
atrophic vaginitis; kraurosis vulvae; female hypogonadism; female 
castration; primary ovarian failure; breast cancer (for palliation only) in 
appropriately selected women and men with metastatic disease; prostatic 
carcinoma—palliative therapy of advanced disease. Vaginal Cream: 
Atrophic vaginitis and kraurosis vulvae. ESTRACE® HAS NOT BEEN- 
SHOWN TO BE EFFECTIVE FOR ANY PURPOSE DURING PREG- 
NANCY AND ITS USE MAY CAUSE SEVERE HARM TO THE FETUS 
(SEE BOXED WARNING). 

Contraindications: Known or suspected cancer of the breast, except in 
appropriately selected patients being treated for metastatic disease; 
known or suspected estrogen-dependent neoplasia; known or suspected 
pregnancy (See Boxed Warning); undiagnosed abnormal genital bleed- 
ing; active thrombophlebitis or thromboembolic disorders; a past history 
of thrombophlebitis, thrombosis or thromboembolic disorders associated 
with previous estrogen use (except when used in treatment of breast or 
prostatic malignancy). 

Warnings: Estrogens increase the risk of carcinoma of the endometrium 
(See Boxed Warning). Prescribe cautiously in women with a strong family 
history of breast cancer or with breast nodules, fibrocystic disease, or 
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abnormal mammograms. A 2- to 3-fold increase in the risk of surgically 
confirmed gallbladder disease has been reported in women receiving 
postmenopausal estrogens. There is an increased risk of thrombosis in 
men receiving estrogens for prostatic cancer and women for postpartum 
breast engorgement. If feasible, estrogen should be discontinued at least 
4 weeks before surgery of the type associated with an increased risk of 
thromboembolism, or during periods of prolonged immobilization. Estro- 
gens should not be used in persons with active thrombophlebitis or 
thromboembolic disorders or (except in treatment of malignancy) with a 
history of such disorders in association with estrogen use; they should be 
used with caution in patients with cerebral vascular or coronary artery 
disease and only for those in whom estrogens are clearly needed. Large 
doses (5 mg conjugated estrogens per day), comparable to those used to 
treat cancer of the prostate and breast, have been shown to increase the 
risk of nonfatal myocardial infarction, pulmonary embolism, and thrombo- 
phlebitis; when estrogen doses of this size are used, any of the thrombo- 
embolic and thrombotic adverse effects associated with oral 
contraceptives should be considered a clear risk. Hepatic adenomas 
should be considered in estrogen users having abdominal pain and 
tenderness, abdominal mass, or hypovolemic shock. Increased blood 
pressure occurs with use of estrogens in the menopause, and blood pres- 
sure should be monitored, especially with high doses. Diabetic patients 
should be carefully observed for decreased glucose tolerance. Estrogens 
may lead to severe hypercalcemia in patients with breast cancer and 
bone metastases; if this occurs, the drug should be stopped and appro- 
priate measures taken to reduce the serum calcium level. 

Precautions: Genera/—A complete medical and family history should be 
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Identification of the small for gestational age fetus with the 
use of gestational age—independent indices of fetal growth 


Michael Y. Divon, M.D., Paul F. Chamberlain, M.D., Louise Sipos, R.N., M.Ed., 


Frank A. Manning, M.D., and Lawrence D. Platt, M.D. 


Los Angeles, California, and Winnipeg, Manitoba, Canada 


This study reviews the roles of sonographic assessment of the rate of growth of the fetal abdominal 
circumference, the femur length/abdominal circumference ratio, and qualitative determination of amniotic 
fluid volume as gestational age~independent indices for identification of the small for gestational age fetus. 
The sensitivity and specificity for single and combinations of test results were evaluated in 50 appropriate 
for gestational age and 40 smali for gestational age fetuses. Positive and negative predictive values were 
derived for the general population. Our results indicate that either a rate of growth of the fetal abdominal 
circumference <10 mm/14 days or a femur length/abdominal circumference ratio =23.5 correctly identifies 
most small for gestational age fetuses. When the general population is screened, only 15% of smail for 
gestational age fetuses will. be missed by this combination of criteria. The presence of a pocket of 
amniotic fluid <2.0 cm is highly suggestive of a small for gestational age fetus. However, the presence of 
a pocket of amniotic fluid >2.0 cm does not guarantee an appropriate for gestational age fetus. We 
conclude that these gestational! age-independent indices of fetal growth offer useful tools for differentiating 
between the small for gestational age and appropriate for gestational age fetus. (Am J OBSTET GYNECOL 


{986;155:1197-1201,) 
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The introduction of high-resolution real-time ultra- 
sonograph into obstetric practice in recent years has 
provided an additional tool for antenatal detection of 
the small for gestational age fetus. With this diagnostic 
modality, it is now possible to assess a variety of fetal 
growth parameters [biparietal diameter, head circum- 
ference, abdominal circumference, and femur length].' 
Additionally, estimated fetal weight may be derived 
with the use of one or more of the above measure- 
ments.’ Growth curves throughout gestation for bipa- 
rietal diameter, head circumference, abdominal cir- 
cumference, and femur length are available as well as 
tables indicating estimated fetal weight at various ges- 
tational ages.’ The use of these parameters for ante- 
natal identification of the small for gestational age fetus 
with diagnostic real-time ultrasound has also been re- 
ported. The biparietal diameter, head circumference: 
abdominal circumference ratio, and estimated fetal 
weight may be used to this end if gestational age is 
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accurately known.** However, uncertainty about the 
gestational age occurs frequently and makes the dif- 
ferentiation between the appropriace for gestational 
age and the small for gestational age fetus difficult,’ 
Gestational age—independent indices of fetal growth 
are therefore of value. | 

In a recent report, Hadlock et al.’ Troi that the 
femur. length/abdominal circumference ratio is con- 
stant from 21 weeks’ gestational age to term in the 
normally growing fetus. Similar results were reported 
by Jeanty et al. These authors have suggested calcu- 
lation of this ratio as a gestational age—independent 
index for the detection of asymmetric intrauterine 
growth retardation. Sonographic. assessment of amni- 
otic fluid volume (termed qualitative amniotic fluid vol- 
ume determination) has also been suggested as a ges- 
tational age—independent method for the antepartum 
detection of intrauterine growth retardation.” This ob- 
servation has recently been confirmed in a larger pa- 
tient population." | 

Since growth. of the fetal abdominal circumference 
appears to be linear from 15 weeks’ gestational. age 
onward,'*"* determination of the rate of growth offers 
an additional, gestational age—independent index for 
identification of the small for gestational age fetus. 

The purpose of this study was to review the roles of 
sonographic assessment of the rate of growth of the 
fetal abdominal circumference, the femur length/ab- 
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Fig. 1. Rate of growth of abdominal circumference in small 
for gestational age and appropriate for gestational age fetuses. 


dominal circumference ratio, and the qualitative de- 
termination of amniotic fluid volume in identification 
of the small for gestational age fetus. 


Patients and methods 


The study population consists of patients evaluated 
in the Fetal Asséssment Units at the University of Man- 
itoba between January 1982 and June 1983. Criteria 
for inclusion in the study were as follows: (1) two ul- 
trasound examinations at least 14 davs apart at which 
the abdominal circumference, femur length, and qual- 
itative determination of amniotic fluid volume were re- 
corded, (2) last sonographic examination within 5 days 
of delivery, (3) singleton pregnancy, and (4) intact mem- 
branes at the time of ultrasound examinations.’® Mea- 
surements were made by several experienced observers. 

The rate of growth of the fetal abdominal circum- 
ference was expressed in millimeters per 14 days and 
calculated as follows: i 


rAC = (final AC — previous AC) x 
14/(number of days between examinations) 


where rAC equals the rate of growth of the fetal ab- 
dominal circumference and previous AC equals ab- 
dominal circumference as determined at an examina- 
tion at least 14 days before final abdominal circum- 
ference. l . 

With the use of a growth curve specific to this study 
population, the fetuses were divided into two groups 
depending on the percentile for gestational age and sex 
of their actual weight at birth [group 1 = appropriate 
for gestational age (#tenth to ninetieth), group 
2 = small for gestational age (<tenth)]. Gestational age 
was determined by pediatric examination of the new- 
born infant. The mean + SD and range for actual birth 
weight, gestational age, rate of growth of the fetal ab- 
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Table I. Indications for referral 















Group 1: 
Appropriate for 
gestational age 


Group 2: 
Small for 
gestational age 









_ Indication 


Suspected small for 13 26 24 50 
gestational age 
Hypertension 6 12 5 12.5 
Postterm 10 20 2 5 
Diabetes 7 14 = 5 
Other 14 28 9 22:5 
. Total 50 100 40 ICO 


dominal circumference, femur length/abdominal cir- 
cumference ratio, and qualitative determination of am- 
niotic fluid volume for each group were determined. 
Results were compared with the use of Student’s ¢ test 
and considered significant if p values <0.05 were 
found. The sensitivity, specificity, and positive and neg- 
ative predictive values (with the use of Bayes’ theorem) 
for each test result alone and for combinations of test 
results were calculated."® 


Results 


‘Ninety patients seen during the study period fulfilled 
all the criteria and form the population for this report. 
These patients were referred for sonographic exami- 
nation for a variety of reasons (Table I). Of these 90 
patients, 50 (55.5%) were delivered of appropriate for 
gestational age fetuses (group 1) and 40 (44.5%) were 
delivered of small for gestational age fetuses (group 2). 

The mean actual birth weight was 3293 + 333 gm 
(+SD) in group 1 and 2345 + 468 gm in group 2. 
These results are significantly different (p < 0.012). The 
mean gestational age was 38.9 + 1.7 weeks in group | 
and 38.5 + 2.2 weeks in group 2. These results are not 
significantly different. 

The mean, standard deviation of the mean, and 
range of the rate of growth of the fetal abdominal cir- 
cumference, femur length/abdominal circumference 
ratio, and qualitative determination of amniotic fluid 
volume in both the appropriate for gestational age and 
small for gestational age groups are shown in Table II. 
The mean rate of growth of the fetal abdommal cir- 
cumference in the appropriate for gestational age and 
small for gestational age groups was 14.7 + 7.1 and 
6.0 + 4.9 mm/14 days, respectively (p < 0.01). The dis- 
tribution of rates of growth of abdominal circumfer- 
ence for each group is shown in Fig. 1. The mean femur’ 
length/abdominal circumference ratio in the appro- 
priate for gestational age and small for gestational age 
groups was 21.85 + 1.15 and 23.18 + 1.7, respectively 
(p < 0.01). The mean qualitative determination of am- 
niotic fluid volume in the appropriate for gestational 
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Table II. Rate of growth of fetal abdominal circumference, femur length/abdominal circumference ratio, 
and amniotic fluid volume in appropriate for gestational age and small for gestational age fetuses 


Group 1: Appropriate for | Group 2: Small for 
gestational age gestational age Significance 


Rate of growth of fetal abdominal circumference (mm/14 days) 


Mean + SD 14.7 + 7.1 6.0 + 4.9 p < 0.01 
Range 2.5 t0 35.5 —4.8 to 18.0 

Femur length/abdominal circumference ratio 
Mean + SD 21.85 + 1.15 25.18 2 1.7 p < 0.01 
Range 18.8 to 24.2 19.0 to 26.1 

Amniotic fuid volume (cm) 
Mean + SD 5.44 + 1.15 4.96 + 1.48 NS 
Range 3.1 to 8.3 1.2 to 7.8 


Table III. Sensitivity, specificity, and positive and negative predictive values for single and combinations of 
test results 





| ik Solin | cele | Positive predictive Negative predictive 
Results Sensitivity Specificity value* (%) value” (%) 
A l 0.85 0.74 26.6 2.2 

B 2 0.55 0.90 38.0 5.5 

C 3 0.10 1.0 100 9.0 

D l] +2 0.40 0.74 14.5 8.5 

E l+3 0.10 1.0 100 9.0 

F 2+3 0.10 1.0 100 9.0 

G 1+2+3 0.10 1.0 100 9.0 

H Either 1 or 2 0.90 0.74 . 28.0 1.5 

I Either 1 or 2 0.90 0.74 28.0 1.5 

or 3 


l = Rate of growth of fetal abdominal circumference <10 mm/14 days; 
223.5; 3 = largest pocket of amniotic fuid (quantitative amniotic Huid volume determination) $2.0 cm (vertical depth). 

#With the use of Bayes’ theorem," positive predictive value = [(Se) (P)]/[(Se) (P) + (1°— Sp) (1 — P)], negative predictive 
value = 1 — [(Sp)(1 — p)j/[(sp) (1 — p) + (1 — Se) (P)], where Se = sensitivity of test, Sp = specificity of test, and P = prevalence 
of disease in general population (10% for small for gestauonal age). 


= femur length/abdominal circumference ratio 


age and small for gestational age groups was 5.44 + 
1.15 and 4.96 + 1.48 cm respectively (not significant). 

The sensitivity, specificity, and positive and negative 
predictive values for single and combinations of test 
results in identifying the small for gestational age fetus 
are shown in Table III. 


Comment 


The results of this sonographic study indicate that 
there is a significant difference in the rate of growth 
of the fetal abdominal circumference between the small 
for gestational age and the appropriate for gestational 
age fetus. The mean rate of growth of the fetal ab- 
dominal circumference in the appropriate for gesta- 
tional age fetus was 14.7 + 7.1 mm/14 days (+SD) as 
compared with 6.0 = 4.9 mm/]4 days in the small for 
gestational age fetus (p < 0.01). The fact that mea- 
surements of abdominal circumference were made by 
several observers combined with the inherent inaccu- 
racy in sonographic estimation of abdominal circum- 
ference may provide a partial explanation of the wide 
range and SD found in this study. It is of interest to 
note that a negative rate of growth of the fetal abdom- 


inal circumference was found in three of the 40 SGA 
fetuses (Fig. 1). This may represent either observer 
error in measurement of abdominal circumference or 
actual weight loss by the fetus in utero. 

Inspecting the results in Fig. 1, we suggest that a rate 
of growth of the fetal abdominal circumference <10 
mm/14 days is a reasonable compromise between sen- 
sitivity on the one hand and specificity on the other. 
Values below this rate would have identified 85% of the 
small for gestational age fetuses, while 74% of all ap- 
propriate for gestational age fetuses would have been 
identified by values above this rate. The positive pre- 
dictive value for this cut-off level is 26.6%. This implies 
that in the general population patients with a rate of 
growth of the fetal abdominal circumference <10 mm/ 
14 days will have an increase in the probability of a 
small for gestational age fetus from 10% before testing 
(10% being the prevalence of small for gestational age 
fetuses in the general population) to 26.6% after test- 
ing. This relatively low positive predictive value could 
be improved by choosing a lower cutoff level (Fig. 1). 
However, when the test 1s used for screening, the focus 
should be on the predictive value of a negative test (that 
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is, chances of having the disease even though the test 
is negative). With a cutoff level <10 mm/14 days, the 
predictive value of a negative test is 2.2%. This value 
implies that when the general population is screened 
for small for gestational age fetuses, patients with a rate 
of growth of the fetal abdominal circumference >10 
mmi/14 days have a decrease in the probability of having 
a small for gestational age fetus from 10% before test- 
ing to a low 2.2% after testing. 

Normal values for the rate of growth of the fetal 
abdominal circumference were calculated from fetuses 
who were between the tenth and ninetieth percentiles 
of weight for gestation at delivery. These patients were 
referred for sonographic examination for a variety of 
reasons (Table 1). It must therefore be stressed that this 
sample is not truly representative of the general ob- 
stetric population. Nevertheless, comparison of the 
rates of growth we found to growth rates derived from 
previously published growth curves disclosed reason- 
able similarities. Hadlock et al."* have recently reported 
on the “fetal abdominal circumference as a predictor 
of menstrual age.” Their data show that growth of the 
fetal abdominal circumference is linear from 15 weeks 
of gestation to term. Growth rates of 18 to 20 mm/14 
days can be derived from these data. The rate of growth 
as described in this study (that is, rate of growth of the 
fetal abdominal circumference) does not require the 
knowledge of gestational age of the fetus beyond 15 
weeks; therefore we suggest that it could be used as a 
gestational age—independent variable. 

This study has outlined the roles of several gesta- 
tional age—independent indices of fetal growth (that is, 
rate of growth of the fetal abdominal circumference, 
femur length/abdominal circumference ratio, and 
qualitative determination of amniotic fluid volume) in 
identifying the small for gestational age fetus. The sen- 
sitivity, specificity, and positive and negative predictive 
values for single and combinations of test results have 
been presented. When single tests alone are considered, 
determination of the rate of growth of the abdominal 
circumference and assessment of the femur length/ab- 
dominal circumference ratio perform similarly in iden- 
tification of the small for gestational age fetus. The 
lower negative predictive value for the rate of growth 
of abdominal circumference may favor it over the fe- 
mur length/abdominal circumference ratio for screen- 
ing purposes (Table III). The sensitivity and specificity 
of the femur length/abdominal circumference ratio in 
our study compare favorably with those reported by 
Hadlock et al.* These authors, using a femur length/ 
abdominal circumference ratio of >23.5 for identifi- 
cation of the fetus with intrauterine growth retardation, 
reported a sensitivity and specificity of 0.6 and 0.9 re- 
spectively. The corresponding figures from our study 
with the use of a femur length/abdominal circumfer- 
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ence ratio of 223.5 for identification of the small for 
gestational age fetus were 0.55 and 0.9, respectively. 
The positive predictive power for an abnormal temur 
length/abdominal circumference ratio reported by 
these authors was 25%.° The positive predictive value 
for an abnormal femur length/abdominal circumfer- 
ence ratio of 223.5 in our study was 38%. It is prcbable 
that the higher positive predictive value in our st.dy is 
related to the prevalence of the condition being 
screened (10% for small for gestational age rather than 
5% for intrauterine growth retardation, as in the study 
by Hadlock et al.). 

No significant difference in qualitative determiration 
of amniotic fluid volume was noted between the ap- 
propriate for gestational age and small for gesta-ional 
age groups. The specificity of 1.0 and negative predic- 
tive value of 9% found in this study compare favcrably 
with similar values derived from the report of Cham- 
berlain et al.'' The corresponding figures in that study 
were 0.97 and 9%, respectively. In this study, the sen- 
sitivity of qualitative determination of amniotic fluid 
volume of <2 cm for identification of the smal for 
gestational age fetus was low (0.1). This is in keeping 
with previous reports. Chamberlain et al.'’ have re- 
ported a sensitivity of 0.13 for a qualitative determi- 
nation of amniotic fluid volume of <2 cm in identifi- 
cation of the small for gestational age fetus. Philipson 
et al.” reported a sensitivity of 0.155 for oligohydram- 
nios diagnosed sonographically in identification cf the 
small for gestational age fetus. This low sensitivity is of 
importance as it indicates that the vast majority of mall 
for gestational age fetuses have a “normal” volume of 
amniotic fluid. 

When combinations of test results are considerec, the 
finding of either a rate of growth of the fetal abdorninal 
circumference of <10 mm/14 days or a femur length/ 
abdominal circumference ratio of 223.5 probably rep- 
resents the best balance between sensitivity, specificity, 
and positive and negative predictive values. A negative 
predictive value of 1.5% implies that patients who nave 
either a rate of growth of the fetal abdominal circum- 
ference >10 mm/14 days or a femur length/abdominal 
circumference ratio <23.5 have a decrease in the prob- 
ability of having a small for gestational age fetus from 
10% before testing to 1.5% after testing (Table III. H). 
This low negative predictive value makes it an attractive 
test combination for routine clinical purposes. The 
presence of a pocket of amniotic fluid <2 cm is hmhly 
suggestive of a small for gestational age fetus (130% 
positive predictive value in this study). However, the 
presence of a pocket of amniotic fluid >2 cm does not 
guarantee a normal outcome (9% negative predictive 
value in this study). 

In conclusion, gestational age—independent indices 
of fetal growth offer an attractive tool for differentia; 
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tion between the appropriate for gestational age and 
the small for gestational age fetus. Prospective studies 
to evaluate the role of these parameters in high-risk 
obstetric care are presently under way in our insti- 
tutions. 
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Forskolin: Unique diterpene activator of adenylate cyclase in 
pregnant and nonpregnant guinea pig myometrial membranes 


Christos G. Hatjis, M.D. 


Winston-Salem, North Carolina 


In guinea pig myometrium, B-adrenergic receptors are functionally coupled to adenylate cyclase. 
B-Adrenergic receptor agonists in the presence of guanosine triphosphate stimulate adenylate cyclase 
activity, thus increasing 3'5’-cyclic adenosine monophosphate synthesis and promoting myometrial 
relaxation. In pregnant animals close to term (65 days), B-adrenergic receptor density as well as basal and 
(~)isoproterenol—dependent (in the presence of guanosine triphosphate} adenylate cyclase activity is 
significantly higher than that in nonpregnant animals or those in early pregnancy. Since this system 
appears to be made up of at least three components (8-adrenergic receptor, guanosine triphosphate— 
binding protein, and a catalytic component), these observations on total adenylate cyclase activity may 
reflect alterations in one or more of these components. To ‘answer the question whether the catalytic unit 
of this system can be directly assayed and whether its activity is influencad by pregnancy, we have 
performed in vitro experiments to measure the enzymatic activity of the catalytic component of the 
B-adrenergic receptor~adenylate cyclase complex in guinea pig myometnal membranes. We have used 
two compounds that stimulate the catalytic component: forskolin and mar-ganese chloride. Forskolin, 
regardiess of the presence or absence of guanosine triphosphate, is the most potent stimulator of 
adenylate cyclase activity in myometrial membranes from nonpregnant and pregnant animals; manganese 
chloride is a less potent activator. The degree of adenylate cyclase stimulation by forskolin tends to be 
higher in uteri from pregnant (20.5 gestation) than from nonpregnant or postpartum animals. It was 
concluded: (1) that adenylate cyclase stimulation by forskolin does not depend on the presence of 
B-adrenergic receptor agonists or guanosine triphosphate and (2) that with advancing gestation there 
might be a qualitative or quantitative change with regard to the interaction between forskolin and the 
presumed catalytic component of the B-adrenergic receptor—adenylate cyclase complex. = J OBSTET 


GYNECOL 1986;155:1202-8.) 
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Myometrial contractility is influenced by the relative 
concentrations of a- and B-adrenergic receptors.’ Stim- 
ulation of B-adrenergic receptors in human or animal 
myometrium by B-adrenergic receptor agonists results 
in increased adenylate cyclase activity and high levels 
of intracellular 3'5’-cyclic adenosine monophosphate 
(3'5'-cAMP). The latter is the second messenger that 
initiates a series of events leading to smooth muscle 
relaxation.* * 

This system is composed of at least three distinct 
protein components’: a catalytic subunit that conyerts 
the substrate magnesium—adenosine triphosphate to 
3'5'-cAMP, a guanine-nucleotide—binding protein that 
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mediates hormonal responsiveness and activation, and 
a hormone receptor. Each of these components 13 most 
likely made up of more than one polypeptide subunit. 
My colleagues and I have been studying the properties 
of the B-adrenergic receptor—adenylate cyclase ‘system 
in myometrial membranes from nonpregnan: and 
pregnant guinea pigs. I? have shown that the cancen- 
tration of myometrial ®-adrenergic receptor is dra- 
matically increased in late pregnancy. Moreover, basal 
and (—)isoproterenol—stimulated adenylate cyclase ac- 
tivity, which depends on the presence of guanosine tri- 
phosphate, was significantly increased in parallel with 
the B-adrenergic receptor changes. However, these ini- 
tial experiments studied only a physiologically impor- 
tant aspect of this system. Since the latter is a multi- 
component complex, it is important to examine the 
properties of each of these components in both the 
nonpregnant and the pregnant state. Thus, to further 
elucidate the molecular relationship between the var- 
ious components of the B-adrenergic receptor—ade- 
nylate cyclase system in guinea pig myometrial mem- 
branes, we performed experiments to determine the 
activity of the catalytic component of the B-adrenergic 
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receptor—adenylate cyclase complex and answer the 
question whether the catalytic. component is regulated 
independently of B-adrenergic receptor activity and 
hormone-dependent adenylate cyclase activity in preg- 
nant and nonpregnant animals. For this purpose, two 
compounds were used that, in most systems studied, 
have been shown to directly stimulate the catalytic 
component forskolin, a diterpene extacted from the 
roots of Coleus forskohl, a potent hypotensive vasodi- 
latory and antispasmolytic agent,°* and manganese 
chloride.’*"® 


Material and methods 


Materials. a-**P-adenosine triphosphate (a-**P-ATP) 
(20 to 40 Ci/mmol) and [3',8'SH]3’5'-cAMP (15 Ci/ 
mmol) were obtained from New England Nuclear. 
Other drugs and materials were obtained from com- 
mercial sources and were of reagent grade. Forskolin 
was purchased from Calbiochem and dissolved in 95% 
ethanol (10 mmol/L). 

Animals. Virgin female guinea pigs (weighing 400 
to 600 gm) and guinea pigs with time-dated pregnan- 
cies (gravida 1, para 0, weighing 600 to 1200 gm) were 
obtained from Perfection Breeders. Before being put 
to death, they were housed in our animal care facility 
for 2 to 20 days. Pregnant animals were studied at 0.39 
(early), 0.69 (middle), and 0.9 to 1.0 (late) gestation 
(term 65 days). Some pregnant guinea pigs were al- 
lowed to deliver and were studied in the postpartum 
period (1 to 5 days). 

Animals were anesthetized with 40 to 55 mg/kg of 
pentobarbital intraperitoneally. At laparotomy, a hys- 
terectomy was performed. The uterus was cleaned of 
attached adipose and vascular tissue and the cervical 
region was removed. If the animal was pregnant, hys- 
terotomy was performed and the endometrial cavity 
cleaned of the products of conception. Tissue was snap- 
frozen in liquid nitrogen and stored at — 70° C until 
used. 

Tissue preparation. Uterine tissue was thawed in ice- 
cold buffer A containing 0.005 mol/L ethylenediamine- 
tetraacetic acid, 0.025 mol/L sucrose, 0.9% sodium 
chloride, and 0.02 mol/L Tris hydrochloride buffer, pH 
7.5. The thawed uterus was then split along each horn 
and the endometrium was scraped. The uterus was 
placed in five to 10 volumes per gram of wet weight of 
buffer A, minced finely with scissors, and sonicated with 
a Brinkman Polytron (setting No. 7, twice for 30 sec- 
onds). The homogenate was then filtered through eight 
layers of cheesecloth. 

An aliquot of the homogenate to be used for adenyl- 
ate cyclase experiments was centrifuged at 80,000 x g 
for 15 minutes (4° C) and the pellet resuspended in 2 
to 4 ml of ice-cold buffer B (0.9% sodium chloride 


and 0.02 mol/L Tris hydrochloride, pH 7.5). It was | 
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preincubated for 10 minutes at 4° C in the presence 
of 0.5 mmol/L ‘dithiothreitol, 0.17 mmol/L ethylene- 
glycol- -bis(B- aminoethyl ether)-N,N’-tetraacetic acid, 1 
mmol/L hydrochloric acid, 0.2% bovine serum albu- 
min, and 5 mmol/L magnesium chloride, pH 7.45. The 
suspension was then recentrifuged as previously out- 
lined. The resulting pellets were resuspended in ice- 
cold buffer B (100 to 150 volumes per gram of wet 
weight) and used in the assay. 

Adenylate cyclase assay. Adenylate cyclase acy 
was determined by measuring the conversion of «-*P- 
ATP to [*P]-cAMP and isolating the product by a mod- 
ification of a method developed by Salomon et al.” The 
reaction was carried out in triplicate at 30° C for 15 
minutes in a final volume of 0.2 mil containing 0.1 mi 
of membrane fraction (8 to 60 ug of protein per tube) 
and 50 mmol/L Tris hydrochloride, pH 7.5, 0.45% so- 
dium chloride, 0.5 mol/L adenosine triphosphate, 5 
mmol/L magnesium chloride, 0.17 mmol/L ethylene- 
glycol-bts(B-aminoethyl ether)-N,N’-tetraacetic acid, 
0.05 mmol/L cAMP, 0.5 mmol/L dithiothreitol, 0.75 
mmol/L 3-isobutylmethylxanthine, 0.1 mg/ml of cre- 
atine kinase, 10 mmol/L creatine phosphate, and 1 to 
2 X 10° cpm of a-*P-ATP. Appropriate drugs were 
added as required. The reaction was initiated by ad- 
dition of the membrane fraction to the incubation 
tubes. It was linear with respect to time (up to 20 min- 
utes) and protein concentration. The reaction was ter- 
minated by the addition of 0.25 ml of a solution con- 
taining 50 mmol/L Tris hydrochloride (pH 7.5), 5 
mmol/L adenosine triphosphate, 1 mmol/L 3’5’-cAMP, 
and 5% sodium dodecyl sulfate. 7#H-cAMP (10,000 to 
25,000 cpm per tube) was added to all tubes to serve 
as an internal standard and monitor the efficiency of 
recovery. The tubes were then placed in boiling water 
for 10 minutes and allowed to cool down to room 
temperature. [**P]-cAMP was isolated with sequential 
Dowex (AG 50W-X4, 200 to 400 mesh, Bio-Rad) and 
neutral alumina columns essentially as described by 
Salomon et al. and counted in a scintillation counter 
(Packard), Recovery of 3’5‘-cAMP was determined by 
the percent recovery of >H-cAMP external standard in 
each sample. 

Results have been corrected for percent recovery 
(routinely greater than 40% to 60%). Enzymatic activity 
was expressed as picomoles of 3'5'-cAMP produced per 
milligram of protein per minute per uterus. The nor- 
malization per uterus was necessary in order to account 
for the differences in the amount of tissue used per 
experiment (that is, for nonpregnant animals, the en- 
tire uterus had to be used while for pregnant animals 
only an aliquot was required). 

Protein assay. Protein concentrations were deter- 
mined according to the method of Bradford'* with bo- 
vine serum albumin used as a standard. 
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Fig. 1. Basal adenylate cyclase activity as a function of reproductive state. Late pregnant animals 
(0.9 to 1.0 gestation) show increased basal activity either in the presence or in the absence of guanosine 
triphosphate (GTP) or ethanol (ETOH) (p < 0.001). The percent stimulation by guanosine triphos- 
phate over basal activity was higher in animals in late pregnancy than in the other groups (p < 0.02). 
Numbers in bars refer to the number of animals studied in each group. 


Statistical analysis. Results are expressed as mean + 
SEM. We utilized analysis of variance to test the null 
hypothesis that there is no difference in basal and drug- 
stimulated enzymatic activity with advancing gestation. 
Since absolute values of adenylate cyclase activity varied 
considerably, depending on the reproductive state of 
the animal, a log transformation was carried out to 
satisfy the prerequisite of homogeneity of variance." A 
p value of <0.05 was considered significant. 


Results 


First, we determined basal adenylate cyclase activity 
under three experimental conditions: no addition 
and addition of ethanol and guanosine triphosphate 
(Fig. 1). Basal, basal plus guanosine triphosphate, and 
basal plus ethanol adenylate cyclase activities increased 
significantly with advancing gestation. Moreover, the 
percent increase in adenylate cyclase activity in the pres- 
ence of guanosine triphosphate was higher in myo- 
metrial membranes from guinea pigs in late pregnancy 
than in the other groups. In contrast, ethanol increased 
basal adenylate cyclase levels to the same degree in all 
animals. Since forskolin is dissolved in ethanol, it was 
crucial to include basal activity in the presence of an 
equivalent dose of ethanol. The observation that eth- 


anol stimulates basal adenylate cyclase activity is in 
agreement with findings reported in other systems. 
Although the mode of action is not established, it has 
been suggested that perturbation in the structure-flu- 
idity of plasma membranes might be involved in the 
process.?®™?? 

Second, we examined adenylate cyclase activity in the 
presence of forskolin and manganese chloride (Fig. 2). 
Of the agents we have tested to date,’ forskolin has 
been the most potent stimulator of adenylate cyclase 
activity (range tenfold to sixtyfold over basal level) in 
all groups. Maximal stimulation occurred at a forskolin 
concentration of 100 pmol/L. The addition of guano- 
sine triphosphate did not result in any significant dif- 
ferences in the absolute values of adenylate cyclase stim- 
ulation by forskolin (Fig. 2). There was a gradual in- 
crease in forskolin-stimulated adenylate cyclase activity 
with advancing gestation. Uterine membranes from an- 
imals in late pregnancy demonstrated the highest ab- 
solute levels of.enzymatic activity in the presence of 
forskolin regardless of the presence or absence of gua- 
nosine triphosphate (Fig. 2). Similarly, when adenylate 
cyclase stimulation in the presence of manganese chlo- 
ride was studied, animals in late pregnancy showed 
higher absolute levels when compared to those of the 
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Fig. 2. Stimulated adenylate cyclase activity. Groups and number of animals per group are the same 


as described in legend to Fig. 1. 


other groups. Addition of guanosine triphosphate did 
not influence manganese chloride—dependent stimu- 
lation (data not shown). Fig. 3 shows the degree of 
stimulation of adenylate cyclase activity over basal en- 
zymatic activity. With regard to the addition of forskolin 
compared with basal levels (panel A) the only significant 
difference was between animals in late pregnancy and 
nonpregnant animals (p < 0.05). When forskolin was 
compared with the basal level plus ethanol (panel B), 
there were no significant differences between individ- 
ual groups although there was a trend for pregnant 
animals to show higher stimulation. When forskolin 
plus guanosine triphosphate was compared with the 
basal level plus guanosine triphosphate (panel C), the 
highest degree of stimulation was seen in the early 
pregnant group (0.39 gestation, p < 0.05). Finally the 
degree of stimulation by manganese chloride was equiv- 
alent in all groups. 


Comment 


The regulation of cellular responses by cyclic nu- 
cleotides continues to be an area of intense investiga- 
tion. 3’5’-cAMP, as a second messenger, mediates hor- 
monal effects ranging from intermediary metabolism 
to smooth muscle relaxation. Stimulation of uterine 


smooth muscle by B-adrenergic receptor agonists re- 
sults in an increase in 3'5'-cAMP production and sec- 
ondary smooth muscle relaxation.'* It has been shown 
that B-adrenergic receptors and the catalytic compo- 
nents of adenylate cyclase are coupled with a stimula- 
tory guanosine triphosphate—binding protein (G, pro- 
tein).* ** ** Binding of B-adrenergic receptor agonists 
but not antagonists to the B-adrenergic receptor results 
in a high-affinity state of the B-adrenergic receptor, 
which in turn interacts with the G, protein and activates 
it. Guanosine triphosphate can then bind to the B-ad- 
renergic receptor—G, protein complex, dissociate the 
agonist from the B-adrenergic receptor, and stimulate 
the catalytic component of the complex. Guanosine tri- 
phosphate is subsequently hydrolyzed and dissociates 
from the guanosine triphosphate—binding protein. 

I> have previously shown that in guinea pig uteri 
advancing gestation results in a remarkable increase in 
the density of B,-adrenergic receptors as well as basal 
and (—)isoproterenol—stimulated adenylate cyclase ac- 
tivity. Stimulation of the enzyme by (—)isoproterenol 
depended on the presence of guanosine triphosphate. 
Since this system is composed of at least three com- 
ponents, the question was whether properties of one 
or more of these are altered by the pregnant state. Since 
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Fig. 3. Degree of adenylate cyclase stimulation over basal level. Data shown in Figs. 1 and 2 have 
been used for the calculations. Group and number of animals per group are the same as described 
in legend to Fig. ]. Panel A: Forskolin (basal). Panel B: Forskolin/basal plus ethanol (6%). Panel C: 
Forskolin plus guanosine triphosphate (100 ymol/L)/basal plus guanosine triphosphate (100 


mol/L). 


the density and perhaps the affinity of the B-adrenergic 
receptor have been shown to change with pregnancy,’ 
I next sought to examine the catalytic component of 
this system as well as the interaction of ( — isoproterenol 
with the B-adrenergic receptor as a function of gua- 
nosine triphosphate. In this article I present data re- 
garding the catalytic component. 

To characterize its activity, two agents were used that 
have previously been shown to directly stimulate the 
catalytic components of the R-adrenergic receptor- 
adenylate cyclase complex, forskolin*® and manganese 
chloride.'™!® In general, forskolin activation of adenyl- 
ate cyclase does not appear to depend on the presence 
of guanosine triphosphate or B-adrenergic receptor. In 
cell-free reconstitution experiments in lipid micelles, 
the presence of the catalytic component was the only 
prerequisite to show forskolin stimulation.® Addition of 
guanosine triphosphate—binding protein and guano- 
sine triphosphate did not alter the response. Although 
the latter observation confirms the unique properties 
of forskolin, it does not rule out the presence of other 
factor(s) associated with the catalytic component that 
may modify the interaction between the latter and for- 
skolin. Moreover, in some systems, hormonal and gua- 
nosine triphosphate—dependent adenylate cyclase stim- 
ulation can be augmented in the presence of submax- 
imal concentrations of forskolin. Thus it has been 
suggested that there might be an interaction between 
guanosine triphosphate—binding protein and forsko- 
lin-induced stimulation of the catalytic component.” 
To date the precise nature of this interaction is not 


known and further experiments are needed to eluci- 
date this point. 

We have found that, in myometrial membranes of 
both nonpregnant and pregnant guinea pigs, forsxolin 
is the most potent stimulator of adenylate cyclas2 ac- 
tivity. Its action is independent of guanosine triphos- 
phate suggesting that under these conditions forskolin 
bypasses the G, protein. This observation is in con- 
trast to previous experiments in nonpregnant rat 
uteri,” which have suggested that guanosine triphos- 
phate is involved in adenylate cyclase stimulation by 
forskolin. Differences in species and experimental de- 
sign may be partly responsible for these conflicting ob- 
servations. 

More important, since the percent increase in ade- 
nylate cyclase activity by forskolin compared with the 
basal level in uteri from animals in late pregnancy m:ght 
be higher than in the other groups tested, it is possible 
that the interaction between forskolin and the catalytic 
component is qualitatively and/or quantitatively difer- 
ent in late pregnancy compared with the nonpregnant 
state or early and middle pregnancy. Alternatively, sm- 
ilar changes might apply to other component(s) of this 
complex that is (are) closely linked to the catalytic com- 
ponent and have not been separated to date. However, 
these “derived” observations should be interpreted with 
caution since they depend on the choice of basal ac- 
tivity. For example, when the basal plus guanosine :ri- 
phosphate experiment was used, it was the group in 
early pregnancy that showed a higher degree of stim- 
ulation. . 
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Manganese chloride directly stimulates the catalytic 
component of the complex.'® '® The precise mode of 
action is not known and interaction with an inhibitory 
guanosine triphosphate—binding protein cannot be 
ruled out.” *' In our system, manganese chloride sig- 
nificantly increased adenylate cyclase activity but to a 
lesser extent than that seen with forskolin. Although 
the percent increase of manganese chloride—depen- 
dent stimulation is higher in animals in late pregnancy, 
the difference did not reach statistical significance. 

This is the first instance where a direct assay of the 
catalytic activity of the B-adrenergic receptor~adenyl- 
ate cyclase complex has been reported in uterine mem- 
branes from pregnant and nonpregnant animals. Our 
results demonstrate that the presence of the B-adren- 
ergic receptor is not an absolute requirement for stim- 
ulation of adenylate cyclase to occur. Moreover, it ap- 
pears that the catalytic activity of the B-adrenergic re- 
ceptor—adenylate cyclase complex may be regulated 
independently of the other components. If that is in- 
deed the case, then our approach to study of the prop- 
erties of each component of the system at the molecular 
level is necessary if we are to gain a better understand- 
ing of the factors controlling adenylate cyclase activity 
and, secondarily, myometrial contractility. 

Furthermore, the fact that forskolin is a stronger 
stimulator of adenylate cyclase activity than (— )isopro- 
terenol suggests that the former may be a more potent 
agent with regard to uterine muscle relaxation.” Fur- 
ther work should provide an approach to selective ma- 
nipulation of this adenylate cyclase system in intact cells 
and intact organisms that will significantly improve our 
understanding of the in vivo control of the myometrial 
contractility. | 

Since the guinea pig model appears to be very similar 
to that of the human,*** it provides a very valuable 
tool for studying the myometrial B-adrenergic recep- 
tor—adenylate cyclase system in vivo and in vitro. With 
the recognition of the potential pitfalls associated with 
extending in vitro observations to in vivo systems, these 
and similar studies may provide a valuable insight to 
clinically significant areas such as pregnancy mainte- 
nance, onset of term or preterm labor, and others. 
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Progesterone and relaxin secretion in relation to the 
ultrastructure of human luteal cells in culture: Effects of 


human chorionic gonadotropin 


Cecilia L. Schmidt, M.D., Virginia H. Black, Ph.D., Peter Sarosi, M.D., and 


Gerson Weiss, M.D. 
New York, New York 


This report describes the first study to correlate the ultrastructure of long-term monolayer cultures of 
human luteal cells with their secretion of relaxin and progesterone under basal and human chorionic 
gonadotropin—stimulated conditions. In culture from 14 to 28 days, cells from both corpora lutea of the 
menstrual cycle and corpora lutea of pregnancy took on characteristics of granulosa luteal cells, 
particularly after exposure to human chorionic gonadotropin. Relaxin was detectable in the luteal cell 
cultures only at early time points. The effect of human chorionic gonadotropin on media relaxin levels 
differed in cells of the cycle and cells of pregnancy. In the cells of the cycle, relaxin was detectable only on 
day 2 and was decreased by human chorionic gonadotropin (p < 0.01). In cells of pregnancy, relaxin was 
detectable for the first 4 days of culture and was not affected by human chorionic gonadotropin. 
Progesterone was detectable in all the luteal cell cultures and was enhanced by human chorionic 
gonadotropin (10 and 50 IU/ml) after 24 days of exposure. At earlier time points in both the luteal cells of 
the cycle and the luteal cells of pregnancy, the human chorionic gonadotropin—induced increases in 
progesterone levels were not as consistent. However, in all cases of progesterone enhancement, 
smooth-surfaced endoplasmic reticulum was increased in the human chorionic gonadotropin—treated cells 
compared with corresponding controls, consistent with more active steroid production. In addition, gap 
junctions, considered to be responsive to trophic hormones, were increased in the treated cells. In 
conclusion, this long-term monolayer culture of human luteal cells, as monitored by ultrastructural and 
hormonal changes, retained the differentiated function of progesterone secretion and exhibited 
responsiveness to human chorionic gonadotropin. Therefore, morphologic and functional aspects of 
progesterone secretion may be investigated more closely with use of this long-term luteal cell culture 


system. (Am J OssteT GYNECOL 1986;155:1209-19.) 


Key words: Luteal cells, long-term culture, human chorionic gonadotropin, progesterone, 


relaxin 


The role of human chorionic gonadotropin (hCG) in 
luteal function has been investigated by both in vivo 
and in vitro experiments. Quagliarello et al.' induced 
relaxin secretion and significantly enhanced serum pro- 
gesterone levels in nonpregnant women with hCG 
treatment commencing 8 to 10 days after presumed 
ovulation. In a complementary manner, short-term cul- 
ture systems of human luteal cells* demonstrated go- 
nadotropin stimulation of progesterone secretion by 
dispersed luteal cells from nonpregnant women. Gold- 
smith et al.,* devising a long-term monolayer culture 


From the Departments of Obstetrics and Gynecology and Cell Biology, 
New York University School of Medicine. 

This work was supported in part by National Institutes of Health 
Grants HDO5956, HDO4005, HD12395, and AM32803 and 
Cerebral Palsy Foundation Grant 288. 

Sponsored by the Society for Gynecologic Investigation. 

Reprint requests: Cecilia L. Schmidt, M.D., Division of Reproductive 
Endocrinology and Infertility, Department of Obstetrics and Gy- 
necology, UMDN]—New Jersey Medical School, 100 Bergen St., 

+ Newark, NJ 07103. 


system of human luteal cells, confirmed that 100 IU/ 
ml of hCG stimulated cultured menstrual cycle luteal 
cells to secrete progesterone throughout the entire cul- 
ture period of up to 26 days. However, this amount of 
hCG did not induce secretion of relaxin by these same 
luteal cells. Therefore in vivo induction of relaxin by 
hCG in nonpregnant women has not been mimicked 
in vitro. 

The present study was designed to determine 
whether this discrepancy between in vitro experiments’ 
and in vivo experience’ was due to failure of this culture 
system to maintain granulosa-lutein cells or to the dose 
of hCG (100 IU/ml) used in vitro. The fine structure 
of cultured menstrual cycle—derived luteal cells and 
term pregnancy—derived luteal cells was compared to 
freshly dispersed luteal cells and to corresponding 
cells in situ. The ultrastructural properties of the cells 
in vitro were then correlated with media concentrations 
of progesterone and relaxin under basal conditions and 
after exposure to various doses of hCG. 
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Fig. 1. Human luteal cells of term pregnancy after 4 days of 
culture. The cells are elongated in appearance and possess 
prominent nuclei and cytoplasmic granules. Their cytoplasmic 
processes are in close juxtaposition. Although the majority of 
cells remain in monolayer, in small areas the cells pile on one 
another (arrow). (X 760.) 


Material and methods 


Monolayer culture. Long-term monolayer cultures 
of human luteal cells were prepared according to the 
method of Goldsmith et al.* with slight modification as 
described below. 

Appropriate informed consent was secured from 
each patient before surgery. Three corpora lutea of 
term pregnancy were obtained at the time of elective 
repeat cesarean section (experiments 1, 2, and 3). 
Three menstrual cycle corpora lutea were removed at 
elective adnexal surgery during mid-to-late luteal phase 
as determined by the last menstrual period (experi- 
ments 4, 5, and 6). The enucleated, minced luteal tissue 
was incubated in 0.2% collagenase (Worthington Bio- 
chemical Corp., Freehold, New Jersey; 131 U/mg) in 
medium 199 (Gibco Laboratories, Grand Island, New 
York) at 37° C in a shaking water bath at 120 cycles per 
minute for 20 minutes. The original protocol was mod- 
ified by the addition of 0.05% deoxyribonuclease 
(Sigma Chemical Co., St. Louis, Missouri; type 1) to the 
dispersing medium. Large clumps of tissue were dis- 
persed with repeated pipetting through a Pasteur pi- 
pette. After centrifugation at 146 X g for 15 minutes, 
cells were resuspended in medium, counted in a hem- 
ocytometer, and plated at a concentration of 1 x 10° 
viable cells per 1.5 ml in 35 mm plastic Petri dishes 
(Falcon, Division of Becton Dickinson and Co., Cock- 
eysville, Maryland). To improve plating efficiency, glass 
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cover slips, which had been sequentially washed with 
50% nitric acid, water, 1% sodium ethylenediamine- 
tetraacetate, distilled-deionized water, and 70% etha- 
nol, were first placed within the culture dishes. 

The human luteal cells were maintained in vitro for 
14 to 28 days in medium 199, supplemented with 10% 
(vol/vol) fetal calf serum (Gibco), 100 U/ml of penicillin 
(Gibco), 100 ug/ml of streptomycin (Gibco), and 2 
mmol/L of L-glutamine (Gibco). 

From each of the six corpora lutea, one to three plates 
remained untreated andone to three plates were ex- 
posed to 10, 50, 100, 200, or 400 IU/ml of hCG (Ayerst 
Laboratories, New York, New York) throughout the 
experiment. Culture media were changed every 2 days 
and spent media were stored at — 20° C until assayed 
for progesterone and relaxin by radioimmunoassays. 
Cells were examined with inverted-phase microscopy. 
Viability was monitored by trypan blue exclusion at the 
initiation and conclusion of each experiment. 

Electron microscopy. Samples of dispersed cells 
were centrifuged at 600 x g for 10 minutes and im- 
mediately fixed at 37° C for 1 hour in 2% glutaralde- 
hyde in 0.1 mol/L of sodium cacodylate, pH 7.25. Cell 
samples were also obtained after 6, 8, 10, 14, 26, and 
28 days of culture. These cells were removed from the 
plates by incubating at 37° C for 5 minutes with 0.25% 
trypsin (Sigma, 180 U/mg) in medium 199 and centri- 
fuged at 600 x g for 10 minutes. After washing with 
medium 199, the pellets were fixed as above. In several 
plates, cells were counted with a hemocytometer im- 
mediately after harvesting and washing. In addition, 
intact corpora lutea from term pregnancy were cut into 
pieces approximately 1 mm? and fixed at 37° C for 
3 hours by immersion in 3% glutaraldehyde in 0.1 
mol/L of sodium cacodylate, pH 7.25. All samples were 
rinsed in 0.1 mol/L of sodium cacodylate buffer, stained 
en bloc for 1 hour with a 1% aqueous solution of uranyl 
acetate, dehydrated in a graded series of ethanol, and 
embedded in Epon 812. Gold-to-silver sections were 
stained for 5 minutes with uranyl acetate and lead ci- 
trate and examined in a Phillips 301 electron micro- 
scope. To compare experimental groups, quantitation 
of organelles on electron micrographs and statistical 
analysis of the data were performed as described by 
Black and Russo.’ The data are expressed as volume 
densities, that is, percentage of cytoplasmic volume oc- 
cupied by the organelle. 

Radioimmunoassays. All culture media samples 
from a given experiment were assayed in the same pro- 
gesterone and relaxin radioimmunoassays. Progester- 
one was measured in the double-antibody radioimmu- 
noassay as modified by Goldsmith et al.’ This assay em- 
ploys iodine 125—labeled progesterone and an antibody 
raised against a hemisuccinate of 11 a-hydroxyproges- 
terone linked to bovine serum albumin. The lower limit 
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Fig. 2. Cumulative progesterone levels (ng/ml) in culture media from human luteal cells of term 
pregnancy after 2, 8, and/or 24 days of culture under basal conditions and hCG treatment in three 
experiments. Ten to 400 IU/ml of hCG was added to the culture media at the initial inoculation of 
the culture. Culture media were replaced every 2 days. Each bar represents the mean (+SEM) of 
cumulative media progesterone levels from two culture dishes in all cases except experiment 1 in 
which three culture dishes were treated with 400 IU/ml of hCG. Note the difference in scales for 


progesterone values between experiments. 


of detection was 20 pg. The interassay coefficient of 
variation was 13.9%, and the intraassay coefficient of 
variation was 7.3%. In medium 199 modified by 10% 
fetal calf serum, the mean recovery of 1000 pg of pro- 
gesterone was 924 + 77 pg. The results of cross-reac- 
tivity testing with various steroids were identical to the 
results previously published. In particular, cross-reac- 
tivity with 20a-hydroxy-4-pregnen-3-one was found to 
be less than 2%. Media relaxin levels were determined 
by the homologous porcine radioimmunoassay as mod- 
ified by O'Byrne and Steinetz.® This double-antibody 
I-labeled polytyrosyl porcine re- 
laxin and rabbit antiporcine relaxin serum R, (7/14/74), 
previously shown to react with relaxin from human cor- 


immu nOassay uses 


pora lutea.’ Interassay and intraassay coefficients of 
variation were 13.8% and 9.0%, respectively. The lower 
limit of detection of the assay was 107 pg/ml. 
Statistics. Considering the wide variation in basal 
levels of progesterone between luteal cells from various 
patients as already noted by other authors,” progester- 
one levels were only compared within each experiment 
and hence from plates generated from the same corpus 
luteum. The total amount of progesterone detected in 
the spent media from each plate was summed at 2-day 
intervals between 2 and 28 days. The cumulative pro- 
gesterone determinations from individual plates were 
grouped according to hCG-treatment dosages and ex- 
amined over time. Statistical analysis was performed 
using one-way analysis of variance and Duncan’s new 
multiple range test. By means of the same statistical 


program, relaxin levels of the spent media were 
grouped according to the hCG dosage and compared 
at 2-day intervals. Significance was defined as p < 0.05. 


Results 


Culture characteristics. Human luteal cells of both 
term pregnancy and the menstrual cycle were main- 
tained in culture for up to 28 days under basal con- 
ditions and with varying doses of hCG. When exam- 
ined with an inverted-phase microscope, the cells were 
noted to adhere to the plate between 24 and 48 hours 
after initial incubation and to occupy the entire cover 
slip within the Petri dish by 96 hours. They appeared 
elongated with prominent nuclei and cytoplasmic gran- 
ules and with cytoplasmic processes in close juxtapo- 
sition (Fig. 1). After 4 days of culture, small areas of 
the plate showed cells piling on one another; the ma- 
jority of cells remained in monolayer (Fig. 1). Treat- 
ment with various doses of hCG did not alter this pat- 
tern of monolayer culture nor did it change the mor- 
phology of individual cells at the light microscopic level 
for up to 28 days of culture. Viability remained between 
85% and 95% over the course of each experiment and 
was not affected by hCG. The total number of cells 
harvested from selected plates showed no significant 
difference within or between experiments (data not 
presented). There was no apparent difference in the 
appearance of luteal cell cultures derived from the 
menstrual cycle and those from term pregnancy at the 
light microscopic level. 
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Fig. 3. Relaxin (pg/ml) concentrations in culture media from 
human luteal cells obtained from two menstrual cycle corpora 
lutea incubated for 2 days without hCG or with 10 to 400 IU/ 
ml of hCG; hCG was added to the culture media at the initial 
incubation of the culture. Each bar represents the mean 
(+SEM) relaxin level from culture dishes (n) incubated with- 
out hCG (n = 4) or with 50 (n = 2), 200 (n = 3), or 400 
(n = 4) [U/ml of hCG. Ten and 100 IU/ml of hCG were each 
tested in one culture plate. The horizontal dotted line represents 
the lower limit of detectability of the assay. 


Hormonal studies 

Luteal cells of term pregnancy. In the luteal cell cultures 
derived from term pregnancies, relaxin was detected 
in the culture media for up to 4 days. In untreated 
cultures (n = 6 plates) the mean media level of re- 
laxin + SEM was 2240 + 277 pg/ml on day 2 and 
540 + 102 pg/ml on day 4. By day 6 relaxin was un- 
detectable in media from all cultures. Treatment with 
10 to 400 IU/ml of hCG did not significantly alter re- 
laxin levels. 

Progesterone was detected in the media of all plates 
obtained from term pregnancy corpora lutea through- 
out the culture period of 14 to 28 days. Under basal 
conditions, striking differences in progesterone values 
were noted between experiments (Fig. 2), in accord 
with observations of others studying human luteal cells 
both in vivo? and in vitro.* * Treatment with 10 to 400 
IU/ml of hCG did not elicit a significant effect on pro- 
gesterone secretion within 2 days in vitro, However, 
after 8 days of culture, the highest dose of hCG (400 
IU/ml) produced an increase in the cumulative media 
progesterone in two experiments (experiments 1 and 
2), which was significant in experiment 2. By 24 days 
of culture, lower doses of hCG (10 and 50 IU/ml) sig- 
nificantly increased progesterone secretion (experi- 
ment 3); however, after this length of time in culture, 
400 IU/ml of hCG no longer effected levels of pro- 
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gesterone secretion different from controls (experi- 
ment 2). 

Luteal cells of the menstrual cycle. In the luteal cell cul- 
tures derived from the menstrual cycle, relaxin was 
detected in two experiments (cycle days 21 and 28) on 
day 2 only. In the third culture (cycle day 26), relaxin 
was not detectable. In the former experiments the 
mean relaxin level + SEM in the media of four un- 
treated plates was 397 + 10.9 pg/ml. The addition of 
10, 50, 100, 200, or 400 IU/ml of hCG to the media 
significantly decreased relaxin levels on day 2 (Fig. 3). 

Progesterone could be detected in media of control 
cultures throughout these experiments. As with the lu- 
teal cells from pregnancy, the range of progesterone 
values varied widely between experiments. This vari- 
ation could not be related to the age of the corpus 
luteum (data not presented). 

Treatment with 10 and 50 IU/ml of hCG produced 
significant increases in cumulative progesterone levels 
in all cases after 8 and 24 days of culture, but earlier 
responses to these lower doses were not consistent 
(Fig. 4). The responses to higher doses of hCG were 
variable, both over the culture period and between dif- 
ferent experiments. Exposure to 100 IU/ml of hCG 
significantly increased total progesterone secretion 
only in experiment 4 after 8 days of culture. Incubation 
with 200 or 400 IU/ml of hCG increased cumulative 
progesterone to significantly higher levels on day 2 in 
experiment 5, but this effect was not seen in experi- 
ment 6. By 24 days of culture both in experiment 5 
(data not shown) and in experiment 6 (Fig. 4), neither 
200 nor 400 IU/ml of hCG was effective as a stimulant 
to progesterone secretion. This failure of the highest 
dose of hCG (400 IU/ml) to alter progesterone pro- 
duction by menstrual cycle—derived luteal cells at the 
end of 24 culture days was also seen in the pregnancy- 
derived luteal cells of experiment 2. 

Fine structure of isolated and cultured cells. Freshly 
isolated cells obtained from corpora lutea of the men- 
strual cycle and term pregnancy included two mor- 
phologically distinct types: (1) cells with characteristics 
of steroid-secreting cells (Fig. 5, B and C) and (2) cells 
with multiple infoldings of the cell surface (Fig. 5, D). 
The first cell type contained both smooth-surfaced en- 
doplasmic reticulum and lipid droplets, which were 
somewhat extracted by the tissue preparation. How- 
ever, the relative proportions of these two organelles 
differed according to the tissue of origin. Smooth-sur- 
faced endoplasmic reticulum was prominent in the 
first cell type obtained from corpora lutea of term 
pregnancy (Figs. 5, A and B); lipid droplets were 
abundant in those obtained during the menstrual cycle 
(Fig. 5, C). The second cell type was seen in isolates 
from corpora lutea of the cycle and those of pregnancy 
(Fig. 5, D). These cells with multiple infoldings may 
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Fig. 4. Cumulative progesterone levels (ng/ml) in culture media from human luteal cells of the 
menstrual cycle after 2, 8, and/or 24 days of culture under basal conditions and hCG-stimulation 
in three experiments. Ten to 400 IU/ml of hCG was added to the culture media at the initial 
inoculation of the culture. Culture media with or without hCG were replaced every 2 days. Each 
bar represents the mean (+SEM) of cumulative progesterone determinations in culture media from 
one culture dish (experiment 4: control and 100 IU/ml of hCG), two culture dishes (experiment 4: 
10 and 50 IU/ml of hCG; experiment 6: 10, 50, 200, and 400 IU/ml of hCG), or three culture dishes 
(experiment 5: control, 200, and 400 IU/ml of hCG; experiment 6: control and 100 IU/ml of hCG). 
Note the difference in scales for progesterone levels between experiments. 


have been derived from the lipid-containing cells, the 
first cell type, for images were seen that implied lipid 
release from the cell surface during the isolation pro- 
tocol (Fig. 5, C). Despite the presence of two cell types 
in the isolates, most cells examined at early time points 
(days 1 and 6) did not possess abundant smooth-sur- 
faced endoplasmic reticulum, indicating that dediffer- 
entiation or differential plating had occurred. 

In cultures where hCG responsiveness was seen in 
progesterone secretion at the end of the culture period, 
the untreated corresponding luteal cell populations de- 
rived both from the cycle (experiment 6) and from 
pregnancy (experiment 3) were characterized by cis- 
ternal endoplasmic reticulum bearing scattered patches 
of ribosomes on its surface (Figs. 6, A and B). Lipid 
droplets were less abundant in cells obtained from cor- 
pora lutea of the cycle (Fig. 6, A) than in cells derived 
from corpora lutea of pregnancy (Fig. 6, B). 

Following treatment with hCG at all doses, the most 
prominent difference in the fine structure of the cells 
from both luteal tissue sources, compared to the cor- 
responding controls, was an increase in smooth-sur- 
faced endoplasmic reticulum (Table I). This organelle 
assumed both tubular and cisternal configurations 
(Fig. 7), typical of steroid-secreting cells. In experi- 
ments 3 and 6, there was a concomitant decrease in the 
number of lipid droplets in the cytoplasm (Table I). 
Both these ultrastructural changes were in comparison 
to the luteal cells maintained under basal conditions 
and concomitantly reached levels of significance in cells 
treated with 50 or 100 IU/ml of hCG. Furthermore, 


these significant coexistent alterations in smooth-sur- 
faced endoplasmic reticulum and lipid granules were 
associated with significant increases in cumulative pro- 
gesterone levels only at 50 IU/ml of hCG at the end of 
the culture period in cells from both corpora luteal 
sources (experiments 3 and 6) but not at higher doses 
of hCG. It is possible that these hCG-induced ultra- 
structural alterations represent prevention of a decline 
in smooth-surfaced endoplasmic reticulum and an in- 
crease in lipid droplets in cells maintained in control 
media. 

At higher hCG doses (200 and 400 IU/ml) in which 
differences in progesterone levels between control and 
treated cultures were significant only in earlier cultures 
(experiments 2 and 5), the amount of smooth endo- 
plasmic reticulum (Table II) was also higher in cells 
treated with 200 IU/ml of hCG (experiment 5) after 10 
days of culture. However, by the end of the culture 
period the amounts of smooth reticulum in controls 
and in treated cells were similar (Table II). Although 
the volume densities (Table II) of lipid droplets de- 
creased significantly in cells of pregnancy treated with 
400 IU/ml of hCG after 28 days (experiment 2), the 
lipid droplets in cells of the cycle showed no significant 
changes after exposure to 200 or 400 IU/ml of hCG 
after 10 or 28 days. 

Gap junctions, which often covered projections from 
one cell into another (Fig. 8), were also seen with 
greater frequency in cultures treated with hCG than in 
corresponding control cultures. By the end of the cul- 
ture period there was an average of one gap junction 
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| Fig. 5. Fine structure of the corpus luteum in situ and of freshly isolated cells. Granulosa-lutein 

g cells of term pregnancy and of the menstrual cycle are characterized by (1) abundant tubular smooth- 
surfaced endoplasmic reticulum (SER), (2) stacks of cisternal rough-surfaced endoplasmic reticulum 
(RER), (3) electron-dense, nonextractable lipid droplets (L), (4) Golgi elements (G) scattered through- 
out the cell cytoplasm, and (5) processes (P), extending from one cell into another, covered by gap 
junctions. These processes are quite long and are frequently seen in oblique or cross-section, as 
shown here in a corpus luteum of term pregnancy (A). Freshly isolated cells obtained from corpora 
lutea of the menstrual cycle and term pregnancy included two main types. The predominant features 
of the first cell type were characteristic of the origin of the cells: smooth-surfaced endoplasmic 
reticulum was prominent in luteal cells obtained from corpora lutea of term pregnancy (B) and lipid 
droplets that were somewhat extracted by the tissue preparation were abundant in those from the 
cycle (C). The second cell type, with multiple membranous infoldings, seen in both isolates and 
exemplified by this cycle-derived luteal cell (D), may have been derived from lipid-filled cells (C, 
arrows). (A, X 5760; B, x 10,400; C, x 6800; D, X 13,600.) 


in 15% to 20% of cell sections examined from control higher dosages of hCG (100 to 400 IU/ml). The stacks 


cultures, whereas in cells from cultures treated with 10 of rough-surfaced endoplasmic reticulum, character- 
to 200 IU/ml of hCG there was an average of one in istic of the cells in vivo, did not occur in vitro. The 
over 50% of the cell sections. The frequency of gap Golgi complex showed some tendency to increase in 
junctions in cultures treated with 400 IU/ml was >30% cells of the cycle but not consistently in cells of 
in early cultures showing progesterone response, but pregnancy. 
similar to that in controls by the end of the culture 
period. Comment 

Less prominent changes occurred in the rough- Cell fine structure. Granulosa-lutein cells of early 


surfaced endoplasmic reticulum, which decreased at pregnancy, which produce large amounts of proges- 
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Fig. 6. Control cultures. Untreated cells from term pregnancy and menstrual cycle corpora lutea 
were characterized by cisternal endoplasmic reticulum bearing scattered patches of ribosomes on 
its surface (ER). Lipid droplets (L) with electron-dense content accumulated to a greater extent in 
the cells from corpora lutea of pregnancy (B) than in those from corpora lutea of the cycle (A). In 
cells from either origin, the Golgi complex (G) was located adjacent to the nucleus. (A, 26-day control 
culture from corpus luteum of the cycle, x 8800; B, 28-day control culture from corpus luteum of 


term pregnancy, X 15,120.) 


terone and relaxin," '° are characterized by (1) abun- 
dant tubular smooth-surfaced endoplasmic reticulum, 
(2) stacks of cisternal rough-surfaced endoplasmic re- 
ticulum, (3) large pleomorphic mitochondria, (4) ex- 
tensive Golgi complexes, (5) lipid droplets that are not 
extractable, and (6) gap junctions that often occur along 
processes extending into adjacent cells.'' Granulosa-lu- 
tein cells of the menstrual cycle'* and of term preg- 
nancy" are similar to those of early pregnancy, except 
that they lack large pleomorphic mitochondria and 
have less extensive Golgi complexes. It has been sug- 
gested that the ultrastructural differences between 
first-trimester corpora lutea and both the preceding 
corpora lutea of the cycle and the subsequent ones of 
term pregnancy may be related to differences in serum 
titers of hCG in vivo." 


When compared to granulosa-lutein cells, theca-lu- 
tein cells both of the cycle and of early pregnancy are 
smaller and have less abundant smooth reticulum, 
fewer stacks of rough reticulum, a more polarized Golgi 
complex, and a greater number of lipid droplets, which 
in contrast to those of the granulosa-lutein cell are 
extracted during tissue preparation and lack long 
gap junctions occurring along cellular projections. '™ 
Theca-lutein cells have been reported to undergo in- 
volution at the eleventh week of gestation and there- 
fore would not be present in corpora lutea of term 
pregnancy." 

By morphologic criteria, although the predominant 
steroid-secreting cell types in our original isolates from 
corpora lutea of the cycle resembled theca-luteal cells 
and those from term pregnancy resembled granulosa- 
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Fig. 7. hCG-treated cultures. After treatment with hCG (50, 100, 200, or 400 IU/ml) the number 
of lipid droplets (L) decreased (A through C) and smooth-surfaced endoplasmic reticulum (SER) 
increased, assuming both tubular (SER) (A, C) and cisternal (SER,) (B, C) forms. Microvilli (MV) on 
the cell surface also became more prominent (A). However, the Golgi complex (G) remained jux- 
tanuclear, and neither it nor the smooth reticulum achieved the prominence they had in the gran- 
ulosa-luteal cells of origin. In addition, the cells did not develop the stacks of rough endoplasmic 
reticulum characteristic of granulosa luteal cells in situ. (A, 28-day culture from corpus luteum of 
the cycle treated with 400 IU/ml of hCG, x 11,920; B, 28-day culture from corpus luteum of the 
cycle treated with 200 IU/ml of hCG, x 8000; C, 14-day culture from corpus luteum of term 


pregnancy treated with 400 [U/ml of hCG, x 9360.) 


luteal cells, the cells that were established in cultures 
from both tissues possessed some, but not all, of the 
characteristics of granulosa-luteal cells, especially after 
treatment with hCG. They had nonextractable lipid 
droplets, smooth-surfaced endoplasmic reticulum, and 
gap junctions that extended along processes into ad- 
jacent cells. In neither case, however, did the smooth- 
surfaced reticulum achieve the abundance seen in the 
granulosa-lutein cells in situ nor were stacks of rough 
reticulum characteristic of granulosa-lutein cells seen. 
Moreover, neither the Golgi complex nor the mito- 
chondria achieved the larger size seen in cells of early 
pregnancy corpora lutea. 


Relaxin. The appearance of relaxin at the time of 
the missed period, several days after the detection of 
hCG in the maternal serum in pregnancy, and the se- 
cretion pattern of relaxin, which strongly parallels that 
of hCG, point to hCG as a stimulus to relaxin secretion. ' 
Relaxin is also detectable in corpora lutea of the men- 
strual cycle,” and repeated doses of hCG alone maintain 
the corpus luteum of the cycle in vivo for up to an 
additional 2 weeks.’ 

The discrepancy between the appearance of serum 
levels of relaxin in vivo after hCG treatment in the 
luteal phase and the failure of 100 IU/ml of hCG to 
stimulate relaxin secretion in vitro prompted our im- 
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Fig. 8. In cultures treated with hCG, gap junctions became longer and were frequently seen extending 
along processes (P) of one cell into another, appearing in both longitudinal (insets A and B) and 
cross-section. (Culture at 14 days of pregnancy-derived luteal cells treated with 400 IU/ml of hCG, 
x 9840; inset A, 28-day culture of pregnancy-derived luteal cells treated with 100 IU/ml of hCG, 
x 10,800; inset B, 26-day culture of cycle-derived luteal cells treated with 50 IU/ml of hCG, x 14,080.) 


Table I. Comparison of volume density of organelles, expressed as percentage of cytoplasmic volume 
occupied by the organelle, between control and hCG-treated cells at the end of the culture period 


hCG dosage (IU/ml) 


Cells of pregnancy (experiment 3) 


Day 28 
SER 2.2 +061 5220.96 742+ 0.99* 12.3.2 1.52" 
RER 104 £1352 °.99 2.1.08 12.1 21.47 5.8 + 0.67* 
Golgi 4.7+1.08 2.5 + 0.55 4.6 + 1.23 4.9 + 1.28 
Lipid droplets 85+ 177 67 = 1.80 3.6 + 0.89* 3:6 + 1.31" 

Cells of cycle (experiment 6) 

Day 26 
SER 5.6+0.78 72 £ L11 116+ 1.84* 10.0 + LOJ” 10.8 + 1.34* 15.8 + 1.54* 
RER Ge 10). 16% 128 0.0% 1.12 Fics. 078 8.4+0.87* 6.5 + 0.43* 
Golgi 209 2 OS |. 5.22. 0.27 2.0 2 0;71 Ota 121%. ST +0.78 5.9 + 1.26 
Lipid droplets Glo LES 16.1 +2.91 142047", 29220477 3832081 2.82 O.88f 





Values represent the mean + SEM of volume densities of 10 to 14 micrographs per experimental group for cells of pregnancy 
and 12 to 20 micrographs per group for cells of the cycle. SER, Smooth-surfaced endoplasmic reticulum; RER, rough-surfaced 
endoplasmic reticulum. 


*Values different from controls at a level of p < 0.05. 
+Values different from controls at a level of p = 0.10. 


vestigation of the dose-response effects of hCG on lu- media on day 2 of menstrual corpora luteal cell cul- 
teal cells of the menstrual cycle and of term pregnancy tures. Our inability to repeat stimulation of relaxin on 
in vitro. Although we were able to detect relaxin at early day 2 of culture in term cells with 100 IU/ml of hCG 
time points in cultures of cells from both luteal tissue will require further experimentation to explain the dis- 
sources, treatment with 10 to 400 IU/ml of hCG did crepancy.” 

not enhance relaxin levels at these early time points or The fine structure of the cells appears consistent with 
sustain relaxin levels in long-term cultures. In fact, hCG less active protein synthesis than in the tissues of origin. 


¢10 to 400 IU/ml) significantly decreased relaxin in the The stacks of rough-surfaced endoplasmic reticulum 


ay 


F. 


PE A 


= 2S oe ee 


Oh Dee 


1218 Schmidt et al. 


Table II. Comparison of volume density of 
organelles, expressed as percentage of 
cytoplasmic volume occupied by the organelle, 
between control and hCG-treated cells after 
10 or 26-28 days of culture 






hCG dosage (IU/ml) 


Control 


Cells of pregnancy (experiment 2) 


Day 28 
SER 12.9 + 2.14 12.2 + 1.64 
RER 130 & 27 7.4 + 0.78 
Golgi 2.9 + 0.79 4.3 + 0.98 
Lipid droplets 11.3 + 2.71 2.0 + 0.34* 


Cells of cycle (experiment 5) 


Day 10 
SER 13.7% 1.21 17.5 + 1.50" 12.2 + 0.64 
RER $520.43. 454071. £2 % 047 
Golgi Le 063°°3.0:2 0.61 362 075 
Lipid droplets 11.0 + 1.45 9.4 + 1.72 14.0 + 1.69 
Day 26 
SER 130 1.20 15.8°2 1.39. 13.7 1.90 
RER 5.82055 4920.55 3.8 + 0.59 
Golgi 40. >'4.08 2:9 + 0:70. 3.3. 2% 0:59 
Lipid droplets 6.0+ 1.70 5.5 + 1.36 6.1 + 1.68 





Values represent the mean + SEM of volume densities of 
10 to 14 micrographs per experimental group for cells 
of pregnancy and 12 to 20 micrographs per group for cells 
of the cycle. 


*Values different from controls at a level of p < 0.05. 


and the larger Golgi complex characteristic of granu- 
losa-lutein cells were not evident in cells derived from 
either the cycle or term pregnancy corpora lutea under 
either basal or hCG-treated conditions. Perhaps addi- 
tional substances present in vivo are necessary to effect 
the relaxin secretion from human luteal cells in vitro. 
It has been shown that the triple combination of hCG, 
bovine prolactin, or human placental lactogen and pro- 
gesterone can induce relaxin secretion in vitro by luteal 
cells from nonpregnant rats."” 

Progesterone. Two general types of responsive cul- 
tures were seen: cultures that showed enhanced pro- 
gesterone secretion in response to high doses of hCG 
at early but notat later time points and cultures in which 
cells showed progesterone response to lower but not 
higher doses of hCG over the longer period of time in 
culture. In the former (experiment 5) the amount of 
smooth reticulum was greater in treated cultures at 
early time points relative to controls, but by the end of 
the culture period controls and hCG-treated cells had 
similar levels of progesterone and smooth reticulum. 
In the latter, all hCG-treated cells showed a greater 
amount of smooth reticulum, but that occurring in cells 
treated with higher doses was not associated with en- 
hanced steroid production. Thus, while it can be con- 
cluded that enhanced progesterone secretion was as- 
sociated with increased smooth reticulum, the reverse 
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did not hold true. This may reflect some block in syn- 
thesis and secretion but not necessarily in smooth re- 
ticulum development at the higher doses. There are 
many points at which such a block could occur. For 
example, decreased 3f-ol-steroid dehydrogenase activ- 
ity has been shown to be related to the inhibition of 
hCG-stimulated progesterone secretion in rhesus mon- 
keys and in humans.” In addition, an inhibitor of 
mitochondrial side-chain cleavage enzyme has also 
been reported recently in hCG-induced desensitizauon 
of Leydig cells.'* Alternatively, it is possible that with 
the progression of time, subtle functional deterioration 
of the cells may result in the augmentation of 20a- 
hydroxysteroid dehydrogenase activity. Perhaps, pro- 
gesterone accumulation may be limited at the expense 
of increasing levels of 20a-hydroxy-4-pregnen-3-one. 

In conclusion, human luteal cells maintained in vitro 
exhibited many of the characteristics of human gran- 
ulosa-lutein cells in vivo, particularly following hCG 
treatment, but did not achieve the full complement of 
ultrastructural features of fully differentiated granu- 
losa-lutein cells in vivo. Furthermore, the discrep- 
ancy concerning relaxin production between previous 
in vitro and in vivo experiments could not be corrected 
simply by using alternate doses of hCG. Therefore, 
while this in vitro system can be employed selectively 
to study the retained differentiated function of pro- 
gesterone secretion on both morphologic and dy- 
namic levels, additional factors appear necessary to 
achieve differentiation comparable to that which occurs 
in vivo. 
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Effects of clomiphene citrate on cytosolic estradiol and 
progesterone receptor concentrations in secretory endometrium 


Sezer Aksel, M.D., O. Ferit Saracoglu, M.D., Richard R. Yeoman, Ph.D., and 


R. Herbert Wiebe, M.D. 
Mobile, Alabama 


Cytosolic estradiol and progesterone receptor concentrations were measured in luteal phase endometrial 
biopsy samples obtained from 12 anovulatory or oligoovulatory women on clomiphene citrate therapy and 


from 40 normal control subjects. Clomiphene citrate treatment (250 to 750 mg per cycle) decreased both 
endometrial estradiol and progesterone receptor concentrations. Estradiol receptor levels were 
nondetectable in seven tissue samples and progesterone receptor levels in four samples from the 12 
subjects given clomiphene citrate compared to nondetectable estradiol receptor concentrations in one 
tissue sample and progesterone receptor concentrations in two samples from the 40 normal control 
subjects. In histologically dated endometrium, mean estradio! receptor concentrations on days 20 to 23 
and progesterone receptor levels on days to 24 to 27 were lower than the values observed in the 
comparable dated endometrium of normal ovulatory women. Steroid receptor concentrations correlated 
negatively with the duration of clomiphene citrate therapy, which implies a time-dependent suppressive 
effect of clomiphene citate on measurable cytosolic estradiol and progesterone receptor concentrations 
during the luteal phase of the cycle. (Am J OssTeT GYNECOL 1986;155:1219-23,) 
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Clomiphene citrate, a triphenylethylene derivative 
and an antiestrogen, has been in clinical use for many 
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years.' Its application for induction of ovulation has 
resulted in high success rates of 55% to 99%; however, 
conception rates of patients are only between 25% and 
43%.?* This discrepancy between ovulations and con- 
ceptions has been attributed to several clomiphene ci- 
trate~induced factors, including inadequate matura- 
tion of the endometrium.** These effects may involve 
the steroid receptor mechanism, since previous studies 
have shown that clomiphene citrate competes with es- 
tradiol for binding to the endometrial cytosol estradiol 
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Table I. Endometrial cytosolic and estradiol progesterone receptor levels in subjects treated with 
chomiphene citrate and in normal ovulatory control subjects 








Endometrial 
biopsy dating 
(No. of sample) 


Clomiphene 
citrate dosage 
(mg/ cycle) 





Days 16-19 
360* 700 
Days 20-23 
888 250 
820* 400 
509 250 
827 750 
863 400 
Controls (n = 5) = 
Days 24-27 
848 250 
875 250 
887 400 
403 i 400 
314* 500 
877 400 


Controls (n = 35) = 


Control values are mean + SEM. ND = Nondetectable. 
*Subjects with defective luteal phase biopsies. 







No. of cycles 










Estradiol Progesterone 










receptor receptor 
on clomiphene (fmolimg (fmollmg 
curate therapy of protein) of protein) 


4 ND 200 

2 20 125 

3 ND 60 

3 ND ND 

5 ND ND 
1] ND 164 
— 73 354 135 + 50 
l 22 175 

li 31 168 

2 142 184 

2 ND ND 

2 188 114 
10 ND ND 
— 119 + 16 253 + 337 


tSignificantly different from clomiphene citrate—treated subjects. 


receptor.** Clomiphene citrate has also been implicated 
in enhancing mobilization of the estradiol receptor 
complex into the nucleus and increasing the nuclear 
retention time.” This prolonged nuclear activity ap- 
pears to suppress cytoplasmic estradiol receptor syn- 
thesis.” In fact, clomiphene citrate treatment of post- 
menopausal women on estrogen replacement therapy 
has lowered endometrial cytosol estradiol and proges- 
terone receptor concentrations." | 

The purpose of the present study was to compare 
estradiol and progesterone receptor concentrations 
measured in secretory endometrium of subjects un- 
dergoing ovulation induction by clomiphene citrate to 
normal ovulatory control subjects. 


Material and methods 


Subjects. Twelve anovulatory or oligoovulatory wo- 
men, ages 26 to 35 years, and 40 normal cyclic control 
subjects, ages 23 to 37, were selected for study. Ovu- 
lations were detected and confirmed by biphasic tem- 
perature records, and a peripheral blood sample for 
éstradiol and progesterone level was obtained concur- 
rently with an endometrial biopsy. Clomiphene citrate 
was administered for 5 days, 50 mg daily, beginning 
on the fifth day of progestin-induced menses. The clo- 
miphene citrate dose was increased until a biphasic rise 
in temperature record was observed. The maximum 
dose of clomiphene citrate administered was 750 mg 
per cycle. Endometrial biopsies and venous blood sam- 
pling were’ performed 8 to 12 days after the rise in 
basal body temperature. 


Tissue handling. The endometrial biopsies were 9b- 
tained from the fundus with use of a Novak cure.te, 
and the receptor-poor lower segment was avoided." 
One piece of tissue was frozen immediately on dry ice 
and stored at — 80° C and assayed for estradiol end 
progesterone receptor levels within 10 days of col ec- 
tion. The remaining piece of tissue was placed into 
formalin and was submitted to the pathology depart- 
ment for histologic diagnosis. To assure that the biopsy 
specimen was obtained from the fundus, the histologic 
section was carefully screened for texture and gian- 
dular and stromal content and then dated accordinz to 
the criteria of Noyes et al.” The microscopic slides of 
the endometrium were reviewed by one of us. The 
venous blood samples obtained ċoncurrently with the 
biopsy specimens were allowed to clot, and then serum 
was separated by centrifugation and stored at —20° C 
until assayed for estradiol and progesterone. 

Receptor assays and data analysis. The binding of 
17-B-(2,4,6,7-7H)-estradiol to estradiol receptor and 
(1,2-"H)-progesterone to progesterone receptor in. the 
endometrial cytosol were measured by an assay pievi- 
ously described,'* with use of dextran-coated charzoal 
to separate bound from free steroids. Briefly, cytcsols 
were incubated with six concentrations of tritiated-es- 
tradiol (0.5 to 0.8 nmol/L) for 17 to 19 hours at <° C, 
in the presence or absence of a 100-fold excess o? di- 
ethylstilbestrol for estradiol receptor measurement, 
and with tritiated-progesterone (1.23 to 25 nmol/L) in 
the presence or abence of 100-fold excess of ncnra- 
dioactive progesterone for progesterone receptor Neas 
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surement. To prevent the binding of tritiated-proges- 
terone to corticosterone binding globulin, a 100-fold 
excess of cortisol was added to all progesterone binding 
tubes. Cytosolic protein content was determined by the 
Coomassie blue dye binding method as modified by 
Bradford,” and the results from tissues containing 
<0.5 mg of protein were not included in the final anal- 
ysis of data. Tissues were judged to be receptor positive 
only when receptor concentrations for estradiol and 
progesterone were #5 and 10 fmol/mg of protein, re- 
spectively. 

Assays of serum estradiol and progesterone were car- 
ried out by previously described radioimmunoassay 
techniques.” 

Data from estradiol and progesterone receptor assays 
were analyzed by Scatchard plot. Dissociation constants 
ranged from 0.2 to 4.3 x 107° and 0.47 to 5.1 x 107° 
mol/L for estradiol and progesterone receptor, respec- 
tively. The line of best fit and the correlation coefficient 
were also determined with use of a computerized linear 
regression analysis. Estradiol and progesterone recep- 
tor concentrations in the clomiphene citrate—treated 
women and normal subjects were compared by Stu- 
dent’s ¢ test. The effects of clomiphene citrate on the 
estradiol and progesterone receptor concentrations, 
based on the number of cycles and the dosage of clo- 
miphene citrate used, were evaluated by the x? test. 


Results 


Table I illustrates estradiol and progesterone recep- 
tor concentrations in luteal phase biopsy specimens 
obtained from clomiphene citrate-treated subjects 
(n = 12) and the mean estradiol and progesterone re- 
ceptor values of normal controls (n = 40) obtained on 
corresponding luteal days. Based on endometrial his- 
tologic studies, the luteal phase was arbitrarily divided 
into three subsets of 4 days duration: early luteal days 
16 to 19, midluteal days 20 to 23, and late luteal days 
24 to 27. No samples were available in the day 16 to 
19 subset from the control group, therefore no com- 
parative mean values were listed. Overall, in the clo- 
miphene citrate—treated group, cvtosol estradiol recep- 
tor was nondetectable in seven biopsy specimens and 
progesterone receptor in four. In the control group, 
estradiol receptor was nondetectable in one biopsy 
specimen and progesterone receptor in two specimens. 
Statistical analysis between control and clomiphene ci- 
trate—treated subjects showed that estradiol receptor 
concentrations in luteal days 20 to 23 and progesterone 
receptor levels in luteal days 24 to 27 were significantly 
decreased (p < 0.05) in women given clomiphene ci- 
trate. Three of 12 subjects receiving clomiphene citrate 
therapy had defective luteal phase biopsies (Table I). 
Neither the presence nor the absence of estradiol and 
progesterone receptor concentrations or the levels 
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Table IJ. Mean serum estradiol and 
progesterone concentrations in women on 
clomiphene citrate therapy and in normal 
control subjects 





. Postovulatory days 






Women given clomiphene n=5 n= 6 
citrate 
Estradiol (pg/ml) 118 + 62 57 £ 15 
Progesterone (ng/ml) 6.2 £2.3 9.4 £ 0.7" 
Control subjects n=5 n = 35 
Estradiol (pg/ml) 110 + 20 94 + 24 
Progesterone (ng/ml) 9.7 + 1.1 7.7 £ 0.7 





Values expressed as mean + SEM. 
*Significantly different from control. 


measured in tissue specimens from these three women 
were predictive of the inadequate endometrial matu- 
ration during the luteal phase. 

A trend toward decreased/depleted receptor concen- 
trations was observed when clomiphene citrate treat- 
ment was administered for more than two consecutive 
cycles before the biopsy was obtained. It was apparent 
by x? analysis that the duration of therapy and not the 
total dosage of clomiphene citrate administered influ- 
enced significantly the estradiol and progesterone re- 
ceptor concentrations (p < .05). 

Mean peripheral estradiol and progesterone levels 
were comparable in the clomiphene citrate—treated and 
normal women, except for a lower mean p value in the 
late luteal phase (days 24 to 27) of the clomiphene 
citrate-treated women (Table II). 


Comment 


Cyclic changes in estradiol and progesterone recep- 
tor levels during ovulatory menstrual cycles in response 
to varying concentrations of estradiol and progester- 
one have been observed.’® When ovulations were in- 
duced in anovulatory or oligoovulatory women by ad- 
ministration of clomiphene citrate, there was a signif- 
icant decrease and/or depletion in cytosolic estradiol 
and progesterone receptor concentrations. When com- 
pared to normal ovulatory controls, these effects were 
more evident in endometrial tissue samples obtained 
during the midluteal rather than the late luteal phase. 

Studies in laboratory animals and in vitro systems 
have demonstrated prolonged depletion of the cytosolic 
estradiol receptor pool in estrogen target tissues dur- 
ing clomiphene citrate administration.*® In postmeno- 
pausal women on estrogen replacement therapy, con- 
current use of clomiphene citrate decreased cytosolic 
estradiol and progesterone receptor concentrations, 
frequently changing a proliferative endometrium to an 
atrophic pattern. Our observations of reduced levels 
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of estradiol and progesterone receptors in secretory 
phase endometrial biopsies, collected 16 to 27 days.after 
clomiphene citrate administration, are not entirely con- 
sistent with the findings of Kokko et al.” It is unlikely 
that clomiphene citrate at clinical dose levels is associ- 
ated with an estradiol deficiency during the treatment 
cycle effecting the estradiol and progesterone receptor 
generation during the Juteal phase. The reduced or 
nonmeasurable concentrations of estradiol and pro- 
gesterone receptors in the cytosol may be due to an 
enhanced nuclear binding and prolonged retention of 
the clomiphene citrate—occupied estradiol receptor in 
the endometrial cells.” This may in turn suppress the 
levels of cytoplasmic estradiol and progesterone recep- 
tors below easily detectable levels, without effecting the 
total receptor concentration of the cell. The small quan- 
tity of tissue obtained from the subjects in the study 
did not allow nuclear estradiol or progesterone recep- 
tor determinations by the current assay method; there- 
fore, total receptor concentrations in the endometrial 
cells under clomiphene citrate treatment could not be 
assessed. 

The prolonged depletion of cytosolic estradiol and 
progesterone receptor concentrations may also be 
caused by the long biologic half-life of clomiphene ci- 
trate. While estradiol is only available for a few hours, 
clomiphene citrate may be excreted in the urine up to 
6 weeks after administration.’ This may have a signif- 
icant impact on estradiol and progesterone receptor 
generation throughout an entire menstrual cycle ini- 
tiated with clomiphene citrate therapy. The estradiol 
and progesterone receptor depletory effects of clomi- 
phene citrate appeared to be time dependent, but not 
dose dependent. It is possible that with repetitive clo- 
miphene citrate administration, tissue clomiphene ci- 
trate concentrations may increase progessively because 
of the long plasma half-life of the compound,’ and the 
antagonistic effects observed may be partly due to the 
additive contribution from tissues. 

In contrast to previous studies” progesterone con- 
centrations during late luteal phase of clomiphene ci- 
trate—treated subjects were lower than the progester- 
one concentrations of normal controls, Previous reports 
also indicate that 30% to 50% of patients on clomiphene 
citrate therapy may have inadequate endometrial mat- 
uration.’ In this small group the incidence .of luteal 
phase defects was 25%, as three of the twelve secretory 
biopsies were out of phase. These subjects were biop- 
sied on their second, third, and fourth clomiphene ci- 
trate treatment cycles. Two defective biopsies that were 
obtained on the third and fourth cycles, respectively, 
had nondetectable estradiol receptor concentrations; 
however, the subject who received a biopsy on the sec- 
ond clomiphene citrate cycle had measurable levels of 
both estradiol and progesterone receptor (Table I). It 
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was of interest that the concentrations of estradiol 
and/or progesterone receptor in defective endome- 
trium were not predictive of the presence cf a lu- 
teal defect on clomiphene citrate therapy. Several in 
phase endometrial biopsies had nondetectable estradiol 
and/or progesterone receptor concentrations as well. 
These observations suggest that for a biologic response 
to occur in the endometrium a predictable level of es- 
tradiol and progesterone receptor may not be present 
in the cytosol, regardless of spontaneous or clomiphene 
citrate—induced ovulations. 

Recent reports indicate that estradiol receptor may 


"primarily reside in target cell nuclei and that the un- 


occupied estradiol receptor may not be a cytoplasmic 
protein but an extraction artifact.'* The technique used 
for cytosolic estradiol receptor measurements included 
lyophilized control samples in each receptor assay with 
a coefficient of variation of 15% to 20%. If estradiol 
receptor is not a cytoplasmic protein but an artifact, 
then this artifact has been reproduced in each assay 
consistently within a 15% to 20% variability. 

In conclusion, we have observed that clomiphene ci- 
trate significantly decreased the levels of endametrial 
cytosolic estradiol and progesterone receptor during 
the luteal days. The probable long-term reter-tion of 
estradiol receptor in the nucleus by an estrogen antag- 
onist appeared to decrease the cytosol progesterone 
receptor, a time-dependent action of clomipkene ci- 
trate. Despite these significant alterations in the cyto- 
plasmic receptor content of the endometrium, secre- 
tory maturation adequately occurred in 75% of clo- 
miphene citrate—treated patients. Measurement of total 
steroid receptor concentrations in the cell in normal 
cyclic and clomiphene citrate—treated patients may de- 
fine the precise role of estradiol and progesterone re- 
ceptor concentrations in the luteal phase endometrium. 
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Uteroplacental unit as a source of elevated circulating prorenin 


levels in normal pregnancy 


Harbinder S. Brar, M.D., Yung-Shun Do, Ph.D., Helen B. Tam, 
Guillermo J. Valenzuela, M.D., Rick D. Murray, M.D., Lawrence D. Longo, M.D., 
Margaret Lynn Yonekura, M.D.. and Willa A. Hsueh, M.D. 


Los Angeles and Loma Linda, California 


Circulating levels of inactive renin, that is, prorenin, are increased in normal pregnant women. To 
determine whether the uteroplacental unit secretes prorenin into the maternal circulation, we measured 
enzymatically active and inactive renin in plasma simultaneously obtained from the radial artery and 
uterine vein of 12 normotensive, nonlaboring patients undergoing elective cesarean section at term. We 
also measured these forms of renin in the umbilical arterial and venous blood of these patients. Our data 
reveal that (1) the levels of inactive renin in both arterial and uterine venous blood of normal pregnant 
women are significantly higher than in peripheral venous biood of nonpregnant, normotensive contro! 
subjects; (2) normotensive term patients have a ratio of plasma inactive to active renin of 9:1 in contrast 
to the 1:1 ratio in normotensive nonpregnant subjects; (3) there is a significant uterine arteriovenous 
difference of prorenin (66.2 + 24.4 ng/mi/hr, p < 0.05) but not of active renin (1.8 + 1.5 ng/ml/hr, not 
significant). These results suggest that the uteroplacental unit contributes to the elevated prorenin levels at 


term pregnancy. (Am J Osstet GYNECOL 1986;155:1223-6.) 
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In human blood, renin circulates in both an enzy- 
matically active and inactive form.' Current evidence 
strongly suggests that inactive renin is the biosynthetic 
precursor of renin, that is, prorenin.*“ Inactive renin, 
or prorenin, in plasma has a significantly larger mo- 
lecular weight than active renin, 47,000 to 55,000 ver- 
sus 40,000 to 48,000 daltons, respectively, and it can 
be activated by acid or proteolytic treatment of plasma.’ 
In nonpregnant subjects, 50% to 90% of circulating 
renin is in the inactive form.' In the renal cortex, nearly 
half of the renin also exists in the inactive form.’ 

In normotensive pregnant women, plasma renin ac- 
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Fig. 1. Active and inactive renin in plasma of pregnant and 
nonpregnant patients. The mean inactive renin in radial ar- 
terial and uterine venous blood of pregnant patients was sig- 
nificantly higher (p < 0.005) than in blood from nonpregnant 
controls. There was no significant difference in active renin 
levels in blood from the pregnant or nonpregnant subjects. 


tivity is increased largely because of the increase in 
angiotensinogen production. The plasma active renin 
concentration, however, is in the normal nonpregnant 
range or only modestly elevated and generally de- 
creases after delivery. In contrast, during the first 
trimester the plasma inactive renin concentration rap- 
idly increases to about five times the value in nonpreg- 
nant women, then declines slowly throughout the re- 
mainder of pregnancy, and falls quickly to the normal 
nonpregnant range after delivery.” ’ The source and 
physiologic significance of the high circulating prorenin 
levels in pregnancy are unknown. In the first trimester, 
prorenin levels change with altered dietary sodium in- 
take.° This response is similar to that seen in nonpreg- 
nant subjects and implies a renal source of the elevated 
prorenin levels in pregnancy. However, the uteropla- 
cental unit, particularly the chorionic membranes and 
uterine smooth muscle, contain and secrete relatively 
large quantities of prorenin®'! and amniotic fluid con- 
centrations are two to five times the levels found in 
plasma of pregnant women. The purpose of the pres- 
ent investigation was to test the hypothesis that a uterine 
arteriovenous difference of prorenin or renin exists, in 
order to determine whether the uteroplacental unit 
could be a source of the elevated prorenin levels in 


pregnancy. 


Material and methods 


In 12 term, nonlaboring, normotensive patients 
blood was drawn simultaneously from the radial artery 
and the uterine vein at the time of cesarean section. 
An informed consent form was signed by all patients 
before the study. At the time of cesarean section and 
before making the uterine incision, uterine venous 
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Fig. 2. Arteriovenous gradient of active renin across the utero- 
placental bed. There was no significant difference in active 
renin levels (mean difference, 1.8 + 1.5 ng/ml/hr; NS) in 
blood from radial artery compared to uterine vein. 


blocd sample was withdrawn from a superficial vessel 
with use of an 18-gauge needle. The samples were 
chilled and centrifuged within 2 hours after collection, 
and the plasma was quickly frozen to prevent inadver- 
tent activation of plasma renin.’ They were stored at 
- 20° C in a nonfrostfree freezer before assay. 

Measurement and activation. Active renin concen- 
tration was measured by radioimmunoassay of angio- 
tensin I following incubation of samples with sheep 
angiotensinogen at 37° C, pH 7.5, in the presence of 
angiotensinase inhibitors.’ Total renin was measured 
by acid treatment of plasma,® which involved dialysis 
against 0.05 mol/L of glycine buffer at 4° C, pH 3.3, 
for 18 hours and then dialysis against 0.05 mol/L of 
phosphate buffer, pH 7.5, under the same conditions. 
Following incubation of plasma with sheep angioten- 
sinogen for four time periods between 0 and 2 hours, 
the slope of angiotensin I concentration versus time 
was determined by linear regression analysis (an r value 
of =9.96 was considered acceptable). Prorenin concen- 
tration was calculated as the difference between total 
and active renin concentrations. The interassay coef- 
ficients of variation of active and total renin and pro- 
renin are 6% and 15%, respectively. 


Results 


Active renin. In pregnant subjects the mean active 
renin concentrations in the radial artery and uterine 
venous blood, as shown in Fig. 1, were 11.8 + 3.1 (SE) 
and 13.3 + 2.9 ng/ml/hr of angiotensin I, respectively. 
These levels are similar to those seen in the peripheral 
venous blood of nonpregnant normal women. There 
was no significant uterine arteriovenous difference in 
active renin in 10 patients, whereas two individuals 
showed greater active renin in the uterine vein as com- 
pared with the radial artery (Fig. 2). , 

Inactive renin. The radial arterial and uterine ve- 
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Table I. The percentage of renin in pregnant 
and nonpregnant subjects 


Site | Active/total renin (%) 


Pregnant subject 


Radial artery 14.9 + 3.7 

Uterine vein eS e (ee 
Normal nonpregnant subject 

Peripheral vein 35.0 + 5 


Values expressed as mean + SE. 


nous inactive renin levels were 76.4 + 12.5 and 
142.6 + 31.0 ng/ml/hr, respectively. These levels are 
three to eight times higher than peripheral venous 
levels of prorenin in nonpregnant subjects (Fig. 1). This 
pregnancy-associated rise in the absolute concentration 
of inactive renin without a concomitant rise in active 
renin resulted in a greater percentage of the circulating 
renin being in the inactive form. The percentage of 
renin in the active form was similar in both radial artery 
and uterine vein (Table I) and was significantly less than 
in peripheral venous blood of nonpregnant subjects. 

Eleven of 12 patients demonstrated higher levels of 
prorenin in uterine venous blood as compared with 
radial artery blood (difference between uterine vein 
and radial artery of #10 ng/ml/hr). As a group the 
mean difference was 66.2 + 24.4 ng/ml/hr (p < 0.05 
with use of a paired t test) (Fig. 3). 


Comment 


The present investigation is consistent with our pre- 
vious report demonstrating that the active renin con- 
centration in pregnancy is normal or only slightly el- 
evated as compared with nonpregnant subjects.® In con- 
trast, the circulating prorenin concentration at term is 
elevated two to five times that level seen in nonpregnant 
subjects. Plasma angiotensinogen levels are elevated in 
pregnancy and contribute to an elevated plasma renin 
activity.'* However, the active and inactive renin con- 
centrations are independent of the circulating angio- 
tensinogen level, so that the pregnancy-associated rise 
in prorenin cannot be related to increased angioten- 
sinogen production. Increased estrogen levels alone 
also do not appear to account for the rise in prorenin 
levels, because both active and inactive renin secretion 
is suppressed in estrogen-treated, normotensive non- 
pregnant women.” Thus physiologic alterations in 
pregnancy or changes in other hormones appear to be 
responsible for the increased circulating prorenin levels 
in pregnancy. 

The finding of a positive uterine arteriovenous pro- 
renin difference strongly implicates the uteroplacental 
unit as a source of maternal circulating prorenin. No 
uteroplacental active renin difference could be dem- 
onstrated, which suggests that the kidney is still the 
major source of active renin in normal pregnant 
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Fig. 3. Arteriovenous gradient of inactive renin across utero- 
placental bed. The levels of inactive renin were significantly 
higher in uterine vein compared to radial artery (mean dif- 
ference, 66.2 + 24.4 ng/ml/hr; p < 0.05). 


women. Two previous studies failed to demonstrate 
uterine arteriovenous differences for either active or 
inactive renin. However, in one early study by Skinner 
et al." inactive renin was measured only inadvertantly, 
since its existence was unknown at the time. These au- 
thors compared acid-treated plasma generating angio- 
tensin I from endogenous plasma for the active renin 
measurement. Since two different renin substrates were 
used, a calculation of prorenin would be invalid. In a 
later study, Franks and Hayashi’ were unable to dem- 
onstrate a difference in active and inactive renin mea- 
surements between uterine venous or peripheral ve- 
nous blood obtained in subjects undergoing abortion- 
hysterectomy at 16 to 20 weeks’ gestation. It is unclear 
in their study whether acid or trypsin was used to mea- 
sure inactive renin levels. Also, their results may differ 
from ours because of the time of sampling during preg- 
nancy. Prorenin levels peak and then plateau during 
the first month of pregnancy® before full development 
of the fetoplacental unit. Therefore, early in gestation, 
circulating prorenin may be of renal origin. Further- 
more, we have observed that both active and inactive 
renin increase and decrease, respectively, with low and 
high sodium intake during the first trimester. This 
indirectly suggests that the kidney may account for the 
elevated prorenin levels early in pregnancy. However, 
in the third trimester, inactive renin levels appear less 
responsive to changes in dietary sodium, thus nonrenal 
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sources may contribute more to maternal plasma pro- 
renin levels later in pregnancy. Sealey et al.” demon- 
strated that prorenin levels remain elevated 3 to 5 days 
post partum. They suggested that because the plasma 
prorenin half-life was 2 hours, if the feto-placental unit 
was a major source of prorenin, levels should drop 
rapidly after delivery. Although these investigators nor- 
malized for changes in renin substrate which remains 
elevated for several weeks post partum, it is unclear 
whether the increased angiotensinogen levels contrib- 
uted to the elevated prorenin concentrations after de- 
livery. Our previous study demonstrated that prorenin 
levels return to normal nonpregnant values as early as 
l to 3 days post partum.’ 

Human chorion is a likely source of inactive renin 
from the uteroplacental unit. Human chorion contains 
large quantities of inactive renin with similar biochem- 
ical characteristics as inactive renin from human plasma 
and kidney," and it represents a prototype nonrenal 
tissue that produces renin. Human chorionic cells in 
culture secrete inactive renin,’' and chorionic renin 
messenger ribonucleic acid has the same sequence as 
human renal renin messenger ribonucleic acid.” Am- 
niotic fluid also contains large quantities of inactive 
renin. It is unclear how prorenin enters the amnion, 
since Poisner et al.'* perfused fetal membranes in an 
Ussing chamber and found inactive renin released 
from the maternal side of the chorion but not through 
the amnion. l 

The uterus is another potential source of circulating 
renin. Several previous studies have demonstrated en- 
zymes in the uteri of animals and humans capable of 
generating angiotensin I from renin substrate. Dzau 
et al.” have demonstrated in the rabbit that these en- 
zymes have immunoidentity with renal renin. Utero- 
placental ischemia is associated with uterine renin re- 
lease in this species, and renin release from the uterus 
may contribute to maternal systemic blood pressure 
regulation. "® 

The physiologic role of the uteroplacental renin sys- 
tem remains speculative at this time. Its function may 
be related to the ability of angiotensin II to mediate 
angiogenesis, to induce vasoconstriction, or to contract 
uterine smooth muscle.” Studies by Ferris and Weir?! 
indicate that a major function of the renin angiotensin 
system in pregnancy is to maintain uteroplacental blood 
flow. Interruptions of this system during pregnancy 
may result in decreased uterine blood flow and fetal 
compromise. Our studies suggest that uteroplacental 
prorenin production contributes to the circulating 
levels at term pregnancy. During pregnancy the overall 
contributions to renin production by the uteroplacental 
unit and the kidney remain to be determined. 
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Effects of vibratory acoustic stimulation on human fetal 
breathing and gross fetal body movements near term 


Robert Gagnon, M.D., Cora Hunse, R.N., Lesley Carmichael, B.Sc., Fraser Fellows, M.D., 


and John Patrick, M.D. 
London, Ontario, Canada 


Twenty-five pregnant wcmen between 36 and 40 weeks’ gestational age were studied to examine effects 
of a 5-second external vibratory acoustic stimulus on fetal breathing and gross fetal body movement 
patterns. When the study period was compared with the control period, there was an immediate significant 
decrease in the incidence of fetal breathing movements that persisted for 1 hour after the stimulus. 
Moreover the fetal breatiing pattern was more irregular for the hour after the stimulus. There was also a 
significant but delayed increase in the incidence of gross fetal body movements that persisted for 1 hour 
after the stimulus. We hypothesize that an external vibratory acoustic stimulus causes a change from a 
state of sleep to a state of wakefulness in near-term healthy fetuses. (AM J OBSTET GYNECOL 


1986;155:1227-30.) 


Key words: Fetal behavioral states, external vibratory acoustic stimulation, effects of sound 
and vibration on fetal breathing movements and gross fetal body movements 


It was recently suggested that external vibratory 
acoustic stimulation with an electronic artificial larynx 
causes a fetal “startle reflex” and may be an objective 
estimate of fetal health.! However, before introduction 
of this device as a new Clinical test in the assessment of 
fetal health, there is a need to document the human 
fetal response to sound and vibration. The purpose of 
this study was to examine effects of an external vibra- 
tory acoustic stimulus on fetal breathing and gross body 
movements in healthy human fetuses near term. 


Patients and methods 


Patients. Informed consent was obtained from 25 
pregnant women between 36 and 40 weeks’ gestational 
age. Twenty-one women remained in good health and 
four subsequently developed mild preeclampsia. Fetal 
outcome confirmed gestational age and the good health 
of fetuses studied. The average gestational age at de- 
livery was 39.6 + 0.2 (SEM) weeks. The average weight 
of fetuses was 3373 + 75 gm. The average 5-minute 
Apgar score was 9.3 + 0.1. No Apgar score was <8 at 
5 minutes. Umbilical cord blood gas values were de- 
termined in 18 of the fetuses. The average umbilical 
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arterial Po, was 16.6 + 0.9 mm Hg, Pco, was 49 + 2.5 
mmHg, and pH was 7.27 + 0.02. Five women were 
delivered by cesarean section: One was because of ceph- 
alopelvic disproportion; in one case acute fetal distress 
developed in labor with a prolapsed cord (5-minute 
Apgar score of 8); three were repeat cesarean sections. 
Twenty-four fetuses were in vertex presentation and 
one was breech at the time of delivery. 

Experimental design. Women received a standard- 
ized 800 kcal breakfast or lunch at 8:00 Am (n = 15) 
or 12:00 noon (n = 12). All studies began an hour later 
and were conducted in a quiet room with the patients 
either sitting upright in bed or resting in a lateral re- 
cumbent position. Women were asked not to smoke for 
at least 4 hours before studies. Smoking or food intake 
by patients or observers was not permitted during the 
study. 

All women had been acclimatized by listening to the 
stimulus in air before the beginning of studies and were 
informed that the stimulus might be applied either on 
the abdomen or the hand. Two women had both a 
control and a stimulus study and these were separated 
by more than 2 days. 

The external vibratory acoustic stimulus used in this 
study was generated with a Model 5C electronic arti- 
ficial larynx (Western Electric, New York, New York, 
courtesy of Mr. John Kasper, Corometrics Medical Sys- 
tems) as previously described.” Women were studied 
continuously for 2 hours. After the first hour of ob- 
servation, a 5-second vibratory acoustic stimulus with 
the electronic artificial larynx was applied on the sur- 
face of the maternal abdomen over the fetal head 
(n = 13) or on the maternal hand for control (n = 14). 
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Fig. 1. A chart recording of gross fetal body movements and 
fetal breathing movements during a 60-minute observation 
period.. After a §-second. vibratory acoustic stimulation with 
the electronic artificial larynx, there was an immediate. de- 
crease in fetal breathing activity and a delayed increase in gross 
fetal body movements. 


The choice of whether to stimulate the abdomen or 
hand was made from random number tables and all 
women received only one stimulus to either the ab- 
domen or the hand during individual studies. 

Measurement of fetal activity. Fetal breathing move- 
ments and gross fetal body movements were measured 
with a real- -time ADR ultrasound scanner (Model 2130; 
Advanced Diagnostic Research Corp., Tempe, Arizona) 
and analyzed on-line in 5-minute intervals with a PDP 
11/34 minicomputer as previously described.’ The 
transducer operated at a frequency of 3.5 MHz with 
an average intensity of 0.045 mW/cm?. Individual gross 
fetal body movements and fetal breathing movements 
were identified on a video monitor and coded with an 
event marker. The transducer was positioned over the 
maternal abdomen to permit continuous observation 
of a longitudinal cross section of fetal chest and ab- 
dominal wall echoes. : 

Fetal heart rate was recorded with a Hewlett Packard 
8040A external monitor (Hewlett Packard GMPH, 
Boeblinger, Federal Republic of Germany) and data 
are reported elsewhere.” 

Data analysis. Measurements of the percentage of 
time spent making gross fetal body movements, the 
number of gross fetal body movements, and the per- 
centage of time spent breathing were calculated for 
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Fig. 2. The incidence of fetal breathing movements (+ SEM) 
was plotted in 10-minute intervals before and after stimulus 
(——) or control (- - - -). 


1 


each 10-minute interval of the 54 hours of observation 
time. Portions of records that could not be analyzed 
because of technical problems or patient interruptlon 
made up 3.4% of total time. 

All results are presented as means + SEM for ezch 
10-minute interval before and after either vibratory 
acoustic stimulus on the maternal abdomen or the ma- 
ternal hand (control) for all 2-hour observation periods. 
Fig. 1 demonstrates a typical example of a chart reco-d- 
ing that showed the changes of fetal breathing activity 
and gross fetal body movements after stimulus with the 
electronic artificial larynx near term. 

Statistical significance between both groups befcre 
and after the stimulus or control was determined by 
use Of a mixed nested analysis of variance* with com- 
parison of overall means and each 10-minute intervel*; 
and calculations were done with a Hewlett Packard 
9845B microprocessor (Hewlett Packard Computer Di- 
vision, Fort Collins, Colorado). 

Results 

Fetal breathing movements. Fetuses made breathing 
movements 37.4% + 5.2% of the time before the 5- 
second vibratory acoustic stimulus and the incidence of 
breathing movements decreased to 15.7% + 5.4% dar- 
ing the hour after stimulus; these values were sign fi- 
cantly different from values obtained after the ccn- 
trol period (31.4 + 5.1%) (analysis of variance, p = 
0.0283). The incidence of fetal breathing movements 
decreased immediately after stimulus and remained ke- 
low values of the control group for 1 hour after the 
stimulus (Fig. 2). 

Fig. 3 demonstrates a histogram plot of the mean 
percentage of total breath-to-breath intervals in suc- 
cessive 0.5-second increments’ in. 10 fetuses during the 
hour before control (n = 5) or stimulus (n = 5) andin 
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Fig. 3. Fetal breath-to-breath intervals were measured, and 
the histograms of the mean percentage of total breath-to- 
breath intervals in 0.5-second increments were plotted for 10 
fetuses before stimulus i) or control (- - - -) (A). The his- 
tograms of the mean percentage of total breath-to-breath in- 
tervals were also plotted “or the same 10 fetuses after stimulus 
(——) or control (- - - -) (B). 


the same fetuses after control or stimulus. There was 
a skewed distribution of breath-to-breath intervals with 
a peak at 1.0 to 1.5 seconds in both control and stimulus 
groups during the first hour (Fig. 3). A similar distri- 


bution of breath-to-breath intervals was measured dur- 


ing the hour after control, but during the hour after 
stimulus there was a broad distribution of breath-to- 
breath intervals at 1.0 to 2.5 seconds without a well- 
defined peak. This suggested that fetuses were breath- 
ing more irregularly after stimulation. 

Gross fetal body movements. There was a significant 
increase in the incidence of gross fetal body movements 
from 5.8% + 0.7% of the time during the hour before 
stimulus to 13.8% + 2.3% in the hour after stimulus 
(analysis of variance, p = 0.0095). The increased in- 
cidence of gross fetal body movements during the hour 
after stimulus occurred between 10 and 30 minutes 
after the 5-second stimulus (analysis of variance, 
p < 0.001) (Fig. 4). After the significant increase be- 
tween 10 and 30 minutes, gross fetal body movements 
did not return to control values for 30 to 60 minutes. 

The mean number of gross fetal body movements 
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Fig. 4. The incidence and number of gross fetal body move- 
ments (+ SEM) were plotted in 10-minute intervals before and 
after stimulus ( ) and control (- - - -). There was a delayed 
increase in both incidence and number of gross fetal body 
movements after vibratory acoustic stimulation. 





per 10-minute interval was 4.1 + 0.5 before stimulus. 
Analysis of variance for each 10-minute interval dem- 
onstrated a significant increase in the number of gross 
fetal body movements between 10 and 20 minutes after 
the stimulus when compared with control values (anal- 
ysis of variance, p < 0.001) (Fig. 3). Ic is important that 
the peak in the number of gross fetal body movements 
per 10-minute interval coincided with the peak in the 
incidence of gross fetal body movements, and neither 
the incidence nor the number of gross fetal body move- 
ments increased until 10 minutes after the 5-second 
vibratory acoustic stimulation (Fig. 4). 


Comment 


These results demonstrated that, in near-term 
healthy human fetuses, patterns of fetal breathing 
movements and gross fetal body movements were sig- 
nificantly altered for up to 1 hour after application of 


. a 5-second vibratory acoustic stimulus on the maternal 


abdomen. There was an immediate decrease in the in- 
cidence of fetal breathing movements that persisted for 
l hour and histogram analysis of fetal breathing inter- 
vals demonstrated a broader distribution of breath-to- 
breath intervals after stimulus. There was also a dra- 
matic increase in the incidence and number of gross 
fetal body movements and it was intriguing that this 
increase did not occur until 10 minutes after the vi- 
bratory acoustic stimulus. 

Most studies of the fetal response to sound and vi- 
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bration have been restricted to the fetal heart rate re- 
sponse as an index of fetal reactivity. Gelman et al.ê 
reported an increase in the number of fetal body move- 
ments in response to sound stimulation but did not 
account for differences in gestational age or time of 
day. Leader et al.” used repeated vibratory tactile stim- 
uli to assess habituation of the fetal “startle reflex,” 
which they defined as an immediate marked fetal re- 
sponse involving either trunk or limb movement to- 
gether or independently that occurred during stimu- 
lation or for 2.5 seconds afterward.’ They observed a 
fetal “startle reflex” as early as 22 weeks’ gestation, 
which suggested that this reflex 1s extremely primitive 
and may be difficult to use clinically as an index of fetal 
health. Schmidt et al.,° using sound stimulation without 
touching the maternal abdomen, were not able to ob- 
serve any change in patterns of fetal activity or heart 
rate. Using computerized analysis of the fetal heart 
rate, we reported that the fetal heari rate response to 
external stimulus with the electronic artificial larynx 
near term consists of an immediate persistent increase 
in the baseline fetal heart rate and in duration of fetal 
heart rate accelerations in the first 10 minutes. This is 
followed by a delayed increase in the number of fetal 
heart rate accelerations between 10 and 20 minutes 
after stimulus. The marked and persistent increase in 
gross fetal body movements with the increase in the 
basal fetal heart rate and the fetal heart rate acceler- 
ations is very similar to the state of human fetal wake- 
fulness described by Nijhuis et al.” in near-term fetuses. 
The irregular fetal breathing pattern after stimulus 
measured in this study was also similar to the irregular 


breathing pattern reported in newborn infants during | 


wakefulness." . 

The current study defined a dramatic increase in the 
number and incidence of gross fetal body movements 
but the increase in body movements did not occur until 
10 minutes after the 5-second vibratory acoustic stim- 
ulation. The 10-minute delay before observation of 
changes in gross fetal body movements may reflect el- 
ther a transitional state or a fetal state equivalent to 
quiet wakefulness in newborn infants.’ 

A second explanation for the effect of vibratory 
acoustic stimulation on fetal breathing and gross fetal 
body movements may be suggested from the work of 
Okada et al.,'' who reported a decrease in whole brain 
norepinephrine after whole body vibration in adult 
rats. The decrease was also measured in the hypothal- 
amus and hippocampus. A role of norepinephrine as 
a neurotransmitter in some nerve tracts within the cen- 
tral nervous system and specifically within the hypo- 
thalamus is now generally accepted. It has been re- 
ported that a significant decrease in the incidence of 
fetal breathing movements in rhesus monkeys occurred 
after fetal infusion of norepinephrine.” It is possible 
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that the decrease in the incidence of fetal >reathing 
movements and the increase in basal fetal heart rate 
after external vibratory acoustic stimulation reflects a 
release cf fetal catecholamines and changes in central 
neurotransmitters. 

These data demonstrated that patterns of fetal 
breathing movements and gross fetal body movements 
were significantly altered for up to | hour after a 5- 
second vibratory acoustic stimulus with the electronic 
artificial larynx near term. It is possible to hypothesize 
that the changes observed may reflect a switch from 
fetal sleep to fetal wakefulness. It remains to be deter- 
mined whether similar changes of fetal activity in re- 
sponse to the electronic artificial larynx will occur in 
fetuses during earlier gestations. In addition, random- 
ized clinical trials that would define negative and pos- 
itive predictive values for fetal outcome shculd be car- 
ried out before clinical applications of the electronic 
artificial larynx in evaluation of fetal health are rec- 
ommended. 
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The Department of Obstetrics and Gyne- 
cology of the University of Texas Health 
Science Center at San Antonio requests 
applications for a Gynecologic Oncolo- 
gist. The position guarantees full control 
of the Management of all cases of gyneco- 
logic malignancy. Research facilities are 
available, and a background in research is 
desirable. Academic appointment and 
salary will depend upon the candidate’s 
qualifications. 


Letters of application accompanied by a 
Curriculum vitae should be addressed to: 


George W. Mitchell 
Department of Obstetrics 
and Gynecology 
University of Texas Health Science 
Center at San Antonio 
7703 Floyd Curl Drive 
San Antonio, TX 78284-7836 


The University of Texas Health Science Center at 
San Antonio is an Affirmative 
Action/Equal Employment Opportunity employer. 





FACULTY POSITION 


DIVISION OF GYNECOLOGY 
UNIVERSITY OF WASHINGTON 
HARBORVIEW MEDICAL CENTER 


A University of Washington Assistant Profes- 
sor faculty position is available for the Obstet- 
rical and Gynecologic service at Harborview 
Medical Center. The individual will participate 
in medical student and resident teaching, clin- 
ical practice, and research related to obstet- 
rics and gynecology. Fellowship experience or 
research experience particularly in the area of 


infectious disease is preferred. Applicants 
must be board eligible or certified in Obstetrics 
and Gynecology. This position offers an excel- 
lent opportunity for house staff training, pa- 
tient care and research. The position is im- 
mediately available. 


Please send a curriculum vitae to: 


David A. Eschenbach, M.D. 
Professor and Chief 
Division of Gynecology (RH-20) 
University of Washington 
Seattle, Washington 98195 
(206) 543-2444 


An Equal Opportunity / Affirmative Action Employer 
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New! COLPOSCOPY: A Scientific and Practical 
Approach to the Cervix, Vagina and Vulva in Health 
and Disease (3rd Ed.) by Malcolm Coppleson, Ellis 
Pixley and Bevan Reid. This new edition provides a 
complete guide to colposcopy in a changing medical 
environment. New chapters appear on papillomavirus 
infections, misinterpretation of cervical cancer, original 
transformation zone, and the vulva. Retained sections 
are revised wherever necessary. Precise histological 
correlations, excellent atlas features, a sound approach 
to detection and management: these elements make 
this book essential to all who do or would practice col- 
poscopy. 86, $71.25 




















































New! HUMAN MILK IN INFANT NUTRITION 
AND HEALTH edited by R. Rodney Howell, Frank H. 
Morriss, Jr., and Larry K. Pickering. The contributors 
report on the results of recent, interrelated investiga- 
tions into the characteristics of human milk that exert 
specific beneficial effects on newborn infants. They 
describe the mechanisms that produce such effects, 
and direct special attention to milk from women who 
delivered before term. The major macronutrient com- 
ponents of human milk, mineral and trace metal con- 
tents, and human milk lymphocytes are discussed. ‘86, 
$49.00 





New! CARE OF THE DISABLED URINARY TRACT: 
Prevention of Renal Deterioration by Ellen Newman, 
Mary Price and Jean Magney. Basing their presentation 
on sound anatomic, physiologic and pathologic princi- 
ples, the authors detail the long-term care of patients 
with chronic urinary problems. They address all those 
who care for these patients. The range of topics consid- 
ered includes infection, drainage, differing approaches 
to catheterization, monitoring, complications, and the 
effects of aging. 86, $49.25 


New! CLEFT LIP AND PALATE: Aspects of Repro- 
ductive Biology by Krishna R. Dronamraju. This mono- 
graph summarizes recent research into the etiology of 
oral-facial clefts and integrates this with the author's 
own work. It emphasizes prenatal selection in relation 
to predisposition to malformation. It discusses fetal loss 
in families evidencing cleft lip and palate. A genetic ho- 
meostatic interpretation lends an evolutionary dimen- 
sion. All these complex subjects are complemented by 
discussions of their potential practical applications. 86, 
$27.25 





New! CLINICAL APPLICATION OF LABORA- 
TORY TESTS by W. E. Cornatzer. Concise and accu- 
rate, this resource details not the methodology but the 
significance, selection and interpretation of more than 
370 laboratory tests. These biological fluid tests are 
grouped into sections such as enzymes, urine, erythro- 
cytes and 18 other categories for ease of reference. The 
text encompasses various organ function tests and tests 
that reveal specific diseases. A complete index itemizes 
both tests and diseases. ‘86, $29.25 


We fill all orders promptly ¢ Books sent on approval 
MasterCard, Visa & prepaid orders sent postpaid 
Catalog sent on request © Write or call (217) 789-8980 


2600 South First Street 


Springfield « Illinois e 62794-9265 
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' el ofthe HemoCue Hb test system lies in the unique, disposable 
uvette, which serves as pipette, test lube and measuring vessel in one. 
taining a dry reagent, it self-fills with blood by capillary action to 
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ice a precise chemical reaction. 
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Anchorage, Alaska 


We are seeking a board certified or eligi- 
ble feto-maternal subspecialist to direct a 
State-wide perinatal program with approx- 
imately 12,000 deliveries per year. Re- 
sponsibilities include; directing an active 
high risk referral, consultative and trans- 
port program; outreach education and pri- 
vate practice. Clinical research in a pri- 
vate practice setting encouraged. Two 
newborn intensive care units presently 
exist in Anchorage, a 38 bed Level Ill, and 
a 18 bed Level II. Several practice options 
available with guaranteed income. 
Please submit CV to: 
Jack Jacob, M.D. 
Alaska Neonatal/Perinatal Associates 
3340 Providence Drive 
Anchorage, AK 99508 


OBSTETRICIAN- 
GYNECOLOGIST 


24 member multispecialty clinic seeking 
third board certified or eligible OB/GYN 
physician in Bemidji, Minnesota. Excel- 
lent opportunity to join a high quality med- 
ical community in beautiful north woods 
and lake country of Northern Minnesota. 
Office ultrasound and colposcopy avail- 
able. Immediate full clinical practice of in- 
teresting obstetrics and gynecological pa- 
tients. Contact: 

C.C. Lowery, Administrator 

Bemidji Clinic, Ltd. 
1233 34th Street NW 
Bemidji, Minnesota 56601 
218-751-1280 


COLUMBIA UNIVERSITY 


The College of Physicians & Surgeons D t 


The Department of Obstetrics & Gynecology of the College of Physicians & Surgeons and The Presbyterian Hospital 
present a symposium 


CRISIS IN OBSTETRICS: 


THE MANAGEMENT OF LABOR 
March 26 & 27, 1987 (Thursday & Friday) 


at the Plaza Hotel, New York, New York 


Under the direction of MORTIMER G. ROSEN, M.D. 
14 Credit Hours, Category 1, A.M.A.’s Physician's Recognition Award; 14 Cognates, Formal Learning, A.C.O.G. 


In obstetrical practice today, we are faced with the paradox of technological advances offering new information in patient care versus the patients’ 
expectations of perfect outcomes. This dilemma must be explored. Do the tools available for fetal and maternal evaluation during the intrapartum 
period provide us with sufficient data for infallible decisions? Electronic fetal monitoring, fetal scalp blood sampling, oxytocin usage, and labor 
management precepts will be debated. The distinguished faculty for this symposium includes pioneers and innovative leaders in the field. Data- 
based differences of opinion will be presented and discussed. Data on neurological morbidity and infant outcome will be included. Attempts will 
be made to develop criteria and answers to foster better mutual understanding between the physician and the patient, and their respective 


expectations. 


EDWARD T. BOWE, M.D. 
WAYNE R. COHEN, M.D. 
LEROY J. DIERKER, JR., M.D. 


PROGRAM PARTICIPANTS 
HAROLD E. FOX, M.D. 
EMANUEL A. FRIEDMAN, M.D. 
NORMAN E. GANT, M.D. 


DERMOT W. McDONALD, M.D. 
MORTIMER G. ROSEN, M.D. 
JOSEPH SEITCHIK, M.D. 


EDWARD H. HON, M.D. 


Tuition fee: $395; Residents & Fellows: $295; Nurses & Midwives: $225 (includes two luncheons and refreshments) 
Contact: Dr. Elizabeth C. Gerst, Assistant Dean for Continuing Education, 630 West 168th St., New York, N.Y. [Telephone: (212) 305-3682] 





ASSISTANT PROFESSOR 
STAFF PHYSICIAN 


Research and practice of Obstetrics and 
Gynecology, maternal and fetal medicine, in- 
cluding pre-natal diagnosis, amniocentesis, 
ultrasonography, genetics, and other new and 
sometimes experiemental procedures. Re- 
search in the development of the chorion villus 
sampling technique. Treat high-risk pregnan- 
cies, conduct research in this area, perform 
high-risk deliveries. Teaching Medical stu- 
dents and Residents, supervising residents. 8 
years college, Medical Degree in Maternal, 
Fetal Medicine. One years experience in Mat- 
ernal, Fetal-Medicine, Teaching. Experience 
in prenatal diagnosis including amniocentesis 
and chorionic villus sampling, experience in 
ultrasonography. Must have completed Fel- 
lowship in Maternal-Fetal medicine. 40+ 
hrs/wk. $50,000/yr. Apply at the Texas Em- 
ployment Commission, Houston, Texas, or 
send resume to the Texas Employment Com- 
mission, TEC Building, Austin, Texas 78778, 
J.O. #4640630. Ad paid by an Equal Em- 
ployment Opportunity Employer. 


MATERNAL-FETAL MEDICINE 
(Board eligible or Certified) 


600 Bed University-affiliated Level III Hospital 
with 3,000 deliveries/year, 24-hour in-house 
anesthesiology and neonatology/large NICU, 
active maternal transfer service, perinatal out- 
reach programs, and fully-approved OB/GYN 
residency program has immediate opening for 
a full-time position in perinatology. Duties to 
include residency teaching, maternal transfer 
care, and private practice incentive. Competi- 
tive guaranteed salary plus incentive. Excel- 
lent public school system, housing, and Lake 
St. Clair in very close proximity. 
CALL COLLECT: 313-343-3495 
SAINT JOHN HOSPITAL 
DEPT. OB/GYN 
DETROIT, MI 48236 


OB/GYNS 


Southern California 
and Guam 


FHP is aleading HMO that has specialized in 
quality, prepaid health care for over 25 years. 
The recent opening of our 128-bed hospital in 
Fountain Valley, coupled with continued 
growth and expansion, has created career 
opportunities for Ob/Gyns in Southern 
California and Guam. Board certification/ 
eligibility is required for all positions. 


As a physician with FHP, you'll enjoy a highly 
competitive salary and a comprehensive 
range of benefits that include complete 
malpractice coverage, scheduled work hours, 
generous paid vacation and an excellent 
retirement plan. For further details, please 
contact Professional Staffing at (800) 446-2255, 
or (800) 336-2255 within California. 


Professional Staffing 
Cc Lj pP 9900 Talbert Ave., Dept. 15 
Fountain Valley, CA 92708 





OB/GYN 


Board eligible/certified OB/GYN to join 5 
Physicians and 4 CNMs. Positions have a 
clinical appointment at Yale School of 
Medicine. All deliveries performed at Yale 
New Haven Hospital. CHCP is a thriving 
pre-paid group practice HMO, servicing 
40,000 members. Our medical staff is a 
multi-specialty group practicing in modern 
facilities. Excellent salary and benefits includ- 
ing an immediate vesting pension plan and 
ERU education benefits. Please send 
to: 


Susan Bowers, M.D. 
Chief of OB/GYN 
150 Sargent Drive 
New Haven, CT 06511 
or call the Personnel Dept. at 
(203) 773-8351. 


We are an equal opportunity employer M/F 
Community Health Care Plan 
Affiliated with Blue Cross & Blue Shield of CT 
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IN THE 
POST-HYSTERECTOMY 
PATIENT... 


INFECTION 
DEMANDS IMMEDIATE 
TREATMENT 


PRIMAXIN®(Imipenem-Cilastatin Sodium, MSD) is contraindicated in patients who have shown 
hypersensitivity to any component of this product. Before initiating therapy with PRIMAXIN, 
careful inquiry should be made concerning previous hypersensitivity reactions to penicillins, 
cephalosporins, other beta-lactams, and other allergens. If an allergic reaction to PRIMAXIN 
occurs, discontinue the drug. Serious hypersensitivity reactions may require epinephrine and 
other emergency measures. 


Copyright © 1986 by Merck & Co., INC. 








Following hysterectomy... 


WHEN INFECTION DEMANDS 
IMMEDIATE TREATMENT 
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Before aminoglycoside combinations 


Gram-negative coverage of an aminoglycoside 
Gram-positive coverage of ampicillin or cephalothin 
Anaerobic coverage of clindamycin or metronidazole 

Safety profile comparable to cefazolin 





WHEN TREATMENT CAN'T WAIT 


PRI IN 


(Imipenem-Cilastatin Sodium|MSD) 


THE BROADEST SPECTRUM 
ANTIBIOTIC EVER 


In vitro susceptibility does not necessarily imply in vivo effectiveness. 








*for indicated organisms at indicated sites 





Achromobacter spp. 
Acinetobacter spp. 
Actinomyces spp. 
Aeromonas hydrophila 
Alcaligenes spp. 
Bacteroides spp., 
including 
B. asaccharolyticus 
B. bivius 
B. disiens 
B. distasonis 
B. fragilis 
B. melaninogenicus 
B. ovatus 
B. thetaiotaomicron 
B. vulgatus 
Bonietella bronchiseptica 
Campylobacter spp. 
Citrobacter spp. 
Clostridium spp., 
including 
C. perfringens 
Enterobacter spp. 
Escherichia coli 
Eubacterium spp. 
Fusobacterium spp. 
Gardnerella vaginalis 
Haemophilus influenzae 
Haemophilus 
parainfluenzae 
Hafnia spp., including 
H. alvei 
Klebsiella spp., including 
K. oxytoca 
K. pneumoniae 
Listeria monocytogenes 
Moraxella spp. 
Morganella morganii 
Neisseria gonorrhoeae 
(PCNase +) 
Nocardia spp. 
Pasteurella multocida 
Peptococcus spp. 
Peptostreptococcus spp. 
Plesiomonas shigelloides 
Propionibacterium spp., 
including P acnes 
Proteus mirabilis 
Proteus vulgaris 
Providencia rettgeri 
Providencia stuartii 
Pseudomonas aeruginosa 
Salmonella spp. 
Serratia spp., including 
S. liquefaciens 
S. marcescens 
Shigella spp. 
Staphylococcus aureus 
(PCNase +) 
Staphylococcus epider- 
midis 
(PCNase +) 
Streptococcus spp., 
including 
Group A streptococci 
(S. pyogenes) 
Group B streptococci 
(S. agalactiae) 
Group C streptococci 
Group G streptococci 
Group D streptococci, 
including entero- 
cocci (S. faecalis) 
Streptococcus 
pneumoniae 
Viridans streptococci 
Veillonella spp. 
Yersinia spp., including 
Y. enterocolitica 
Y. pseudotuberculosis 


Contraindications: PRIMAXIN is contraindicated in patients who have 
shown hypersensitivity to any component of this product. 


Warnings: SERIOUS AND OCCASIONALLY FATAL HYPERSENSITIVITY 
(anaphylactic) REACTIONS HAVE BEEN REPORTED IN PATIENTS 
RECEIVING THERAPY WITH BETA LACTAMS. THESE REACTIONS ARE 
MORE APT TO OCCUR IN PERSONS WITH A HISTORY OF SENSITIVITY 
TO MULTIPLE ALLERGENS. 


THERE HAVE BEEN REPORTS OF PATIENTS WITH A HISTORY OF PENI- 
CILLIN HYPERSENSITIVITY WHO HAVE EXPERIENCED SEVERE 
HYPERSENSITIVITY REACTIONS WHEN TREATED WITH ANOTHER 
BETA LACTAM. BEFORE INITIATING THERAPY WITH PRIMAXIN, CARE- 
FUL INQUIRY SHOULD BE MADE CONCERNING PREVIOUS HYPERSEN- 
SITIVITY REACTIONS TO PENICILLINS, CEPHALOSPORINS, OTHER 
BETA LACTAMS, AND OTHER ALLERGENS. IF AN ALLERGIC REACTION 
TO PRIMAXIN OCCURS, DISCONTINUE THE DRUG. SERIOUS HYPER- 
SENSITIVITY REACTIONS MAY REQUIRE EPINEPHRINE AND OTHER 
EMERGENCY MEASURES. 


Pseudomembranous colitis has been reported with virtually all antibi- 
otics, including PRIMAXIN; therefore it is important to consider 
its diagnosis in patients who develop diarrhea in association with antibi- 
otic use. This colitis may range in severity from mild to life threatening. 


Mild cases of pseudomembranous colitis may respond to drug discontin- 
uance alone. In more severe cases, management may include sig- 
moidoscopy, appropriate bacteriological studies, fluid, electrolyte, and 
protein supplementation, and the use of a drug such as oral vancomycin, 
as indicated. Isolation of the patient may be advisable. Other causes of 
colitis should also be considered. 


Precautions: Genera/—CNS adverse experiences such as myoclonic 
activity, confusional states, or seizures have been reported with 
PRIMAXIN. These experiences have occurred most commonly in 
patients with CNS disorders (e.g., brain lesions or history of seizures) 
who also have compromised renal function. However, there were rare 
reports in which there was no recognized or documented underlying CNS 
disorder. Close adherence to recommended dosage schedules is urged 
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Experimental hypertension in pregnant sheep 


III. Central hemodynamic alterations in the one-kidney model 


Alfred Khoury, M.D., Nathan Wasserstrum, Ph.D., M.D., Rudy Rudelstorfer, M.D., 
Bahij Nuwayhid, M.D., K. Khakmahd, and Charles R. Brinkman III, M.D. 


Los Angeles, California 


Experimental renal hypertension, with use of the one-kidney, one-clip model, was produced in nine 
pregnant ewes who were then studied during the last one third of gestation. The animals were chronically 
instrumented for the recording of arterial pressure, heart rate, and cardiac output; blood volume was 
determined weekly. The studies were carried out in four phases; a control period of 2 weeks, a surgery 
period of 1 week, a constriction or hypertensive period, and a postpartum period of 2 weeks. We detected 
no significant changes in heart rate or cardiac output during any phase of the study. The arterial pressure 
significantly increased during the constriction and postpartum phases (p < 0.05). Blood volume remained 
relatively stable during the three pregnancy phases but significantly decreased in the postpartum phase 
(p < 0.05). Systemic vascular resistance followed a pattern similar to that of the arterial pressure. (Am J 


Osstet GYNECOL 1986;155:1231-6.) 


Key words: Hypertension, pregnant ewes, arterial pressure, cardiac output, blood volume 


About a half century ago Goldblatt described the 
production of systolic hypertension following constric- 
tion of a renal artery with a silver clip. During the 
ensuing years three models have been described that 
produced renal ischemic hypertension.' The one-kid- 
ney, one-clip type of Goldblatt hypertension is char- 
acterized by the removal of one kidney and constriction 
of the renal artery of the remaining kidney. In the two- 
kidney, one-clip type, both kidneys remain intact with 
only one of the renal arteries constricted; in two-kidney, 
two-clip hypertension the diameter of both renal ar- 
teries is reduced. 

Voluminous literature has accumulated during the 
last four decades regarding the mechanisms of the rise 
in the arterial pressure in the various Goldblatt models. 
In recent years, it has become clear that the basic mech- 
anisms of the one-kidney and two-kidney types of hy- 
pertension are somewhat different from each other and 
also vary with different species.* * In the two-kidney 
model, the renin-angiotensin system plays the major 
role in the development of hypertension. In the one- 
kidney type, although the renin levels rise initially, ex- 
pansion of body fluid and resulting increase in the 
mean circulatory filling pressure, blood volume, and 
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cardiac output are thought to be the major factors in 
the hypertensive process.” 

In pregnant animals, investigation of the patho- 
physiologic alterations that lead to the development of 
hypertension following renal artery constriction is com- 
plicated by several physiologic factors inherent to the 
gestational process itself. It is well known that during 
pregnancy there is an increase in both extra and intra- 
vascular fluid volumes and that the cardiac output in- 
creases progressively, reaching a peak early in the last 
one third of gestation.’ Assessing the impact of one- 
kidney, one-clip hypertension in such a system wherein 
the central hemodynamic functions are changing sec- 
ondary to the pregnancy is difficult. One way of re- 
ducing the variable of pregnancy is to compare cardiac 
output and blood volume changes as a function of 
body weight. 

In previous studies’ we have shown that in pregnant 
sheep with the two-kidney, one-clip model, a moderate 
rise in the arterial pressure follows unilateral renal 
artery constriction; the pressure continues to rise 
throughout the remaining period of pregnancy and 
even after delivery. Uteroplacental blood flow decreases 
and uteroplacental vascular resistance increases ini- 
tially, but both parameters tend to return to normal 
pregnant values thereafter despite the persistence of 
hypertension. 

In a subsequent study with use of the one-kidney, 
one-clip pregnant sheep model, we demonstrated that 
the rise in systemic arterial pressure was followed 
shortly thereafter by a sustained and progressive de- 
crease in pelvic blood flow. This series of pregnant an- 
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Table I. Cardiovascular parameters, blood volume, and weight of ewes during phases I through IV 


(mean + SEM) 


Heart rate (bpm) 111 + 10 

Mean arterial pressure (mm Hg) 91.0- 1.9 

Systemic vascular resistance 16.8 + 4.1 
(mm Hg/ml/min x 100) 

Cardiac output (ml/min) 5497 + 33 

Blood volume (ml) 4965 + 114 

Sheep weight (kg) 43.6 + 0.9 


Postpartum 

106 + 13 105 + 12 99 + 12 
106 + 5.3 129 + 4.3 151 + 6.4 
20 + 4.5 24.2 © 3.7 30 + 8.9 
5168 + 358 5776 + 165 5042 + 358 
4955 + 236 5143 + 139 3819 + 188 
44.6 + 1.08 48.6 + 3.5 422+ 2.0 





imals demonstrated only a transient increase in plasma 
renin activity following renal artery constriction, con- 
firming what other investigators have reported in dif- 
ferent species. These findings suggested to us that per- 
haps central hemodynamic and volume changes may 
have been responsible for the decrease in pelvic blood 
flow observed. 

Therefore the present series of experiments were 
designed to assess the role of the blood volume, cardiac 
output, and systemic vascular resistance in the previ- 
ously described pathophysiologic effects of one-kidney, 
one-clip hypertension in the pregnant ewe. 


Material and methods 


The details of the experimental preparation have 
been previously described and will therefore be only 
briefly reviewed. Mixed-breed ewes between 2 and 4 
years of age with singleton gestations were acclimatized 
to the animal care facility, in individual movable cages, 
for about | week starting between 90 and 95 gestational 
days. 

Animal instrumentation. On the day of the initial 
surgery the fasted animal was sedated with diazepam, 
and with use of local anesthesia, femoral arterial and 
venous polyvinyl catheters were placed and exterior- 
ized on the left flank. Balanced general endotracheal 
anesthesia was then induced with use of a mixture of 
N:O», halothane, and oxygen. Via a left thoracotomy 
through the third interspace the main pulmonary ar- 
tery was fitted with an electromagnetic flow transducer, 
the cables of which were exteriorized on the shoulder. 
Postoperative care included use of a chest tube and 
prophylactic antibiotics. Following at least a 5-day re- 
covery, the control phase of the experimental protocol 
was commenced. 

The animal was returned to the operating theater in 
a starved condition after at least 2 weeks of control data 
collection. With the animal in the thoracoabdominal 
position and under heavy sedation and local anesthesia, 
the right renal artery was fitted with an externally ad- 
justable constrictor and an electromagnetic flow trans- 
ducer. A contralateral nephrectomy was also carried 
out. An additional 5-day recovery period was allowed 
before data collection was again commenced. 


Experimental phases. Phase I extended from the 
end of the 5-day recovery after the thoracotomy until 
the renal surgical procedure, a period of about 2 weeks. 
This was also called the control period. 

Phase II started after a 5-day recovery period fol- 
lowing the renal surgical procedure and lasted until the 
start of right renal artery constriction, a period of about 
l week. This was called the surgery period. 

Phase III extended from the start of renal artery 
constriction until delivery. Renal flow was maintained 
at 50% to 70% of the previously established control 
value for each animal by daily adjustments of the re- 
nal constrictor. This was designated as the constriction 
period. 

Phase IV, called the postpartum period, extended for 
2 weeks following delivery. During this phase, the ma- 
jority of animals were lactating and nursing their lambs. 

Data collection. Arterial pressure, heart rate, and 
cardiac output were recorded continously for 30 to 50 
minutes, 2 to 3 times per week during the entire study. 
The animals were brought to the monitoring room in 
the morning after having been fed. During recording, 
the animal stood quietly in its cage with its movements 
restricted by a temporary partition. Arterial pressure, 
heart rate, blood flows, and systemic vascular resistance 
were computed by standard techniques that have been 
reported previously.”° Plasma volume was measured at 
least once per week with use of the Evans blue dye 
indicator dilution technique. Total blood volume was 
estimated by relating the percentage of packed cells 
(hematocrit) to the plasma volume. The ewes were 
weighed weekly. 

Data analysis. Each animal served as its own control 
throughout the various experimental periods. Systemic 
vascular resistance was calculated as the ratio between 
the mean arterial pressure and the total cardiac output. 
The values for the several cardiovascular parameters 
obtained during a given period were averaged, and the 
mean was considered to be the value for that parameter 
for that animal during that period. The statistical pack- 
age used was the BMDP 2V program analysis of vari- 
ance and covariance for repeated measurements. Dif- 
ferences in values obtained were calculated by means” 
of the Q statistic, with p < 0.05 considered significant. 
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Fig. 1. Values (+ 1 SE) of the mean systemic arterial pressure 
during control period, after renal surgery, after renal artery 
constriction, and during the postpartum period. Note the pro- 
gressive increase in pressure following renal surgery and renal 
artery constriction. 


Results 


Impact of the experimental procedures on the preg- 
nant animal. A total of 18 ewes were used for these 
studies. Three animals aborted immediately after con- 
striction of the renal artery when the hypertension sud- 
denly became severe, one aborted before renal artery 
constriction, three animals died of renal infarction re- 
lated to thrombosis of the remaining renal artery, and 
two died of infection, making a total of nine deaths. 
The results to be presented are based on nine animals 
that remained healthy and carried their pregnancy to 
term and were studied during the postpartum period. 

Changes in central and peripheral hemodynamics. 
Table I presents the mean arterial pressure heart rate 
systemic vascular resistance and maternal weights for 
each period of the study. In addition, total cardiac out- 
put and blood volume are also shown. Figs. 1 to 5 pres- 
ent the graphic changes in the cardiovascular param- 
eters with cardiac output and blood volume related to 
maternal weight for the various periods. 

Changes in the mean systemic arterial pressure and heart 
rate. During the control period the arterial pressure 
averaged 87 mm/Hg. Renal ischemia by constriction of 
the remaining renal artery resulted in prompt and sig- 
nificant (p < 0.01) rise in the mean systemic arterial 
pressure. The hypertension continued throughout 
pregnancy (Fig. 1 and Table I). After delivery the ar- 
terial pressure increased further, reaching an average 
of about 148 mm Hg. 

During the control period the average heart rate var- 
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Fig. 2. Values (+ 1 SE) for heart rate during the various pe- 
riods of study. No significant changes occurred. 


Control Surgery |Constriction | Postpartum 


I20 
100 


80 


cc /kg 


60 


40 


20 





PI PI PE P Iv 


Fig. 3. Blood volume values (+ 1 SE) during the various pe- 
riods of study. With the exception of the postpartum period, 
the changes were not significant. 


ied from 95 to 115 bpm. It remained within these 
ranges during the subsequent periods following sur- 
gery and the development of hypertension (Fig. 2 and 
Table I). 

Changes in blood volume. During the control period, 
the blood volume values varied from 110 to 115 ml/kg 
of body weight. After surgery and throughout the hy- 
pertensive periods, blood volume averaged 109 ml/kg, 
which was not significantly different from that of the 
control period (Fig. 3). Total blood volume increased 
<200 ml during the hypertensive period when com- 
pared to the control and surgery periods (Table I). 
After delivery the blood volume decreased significantly 
(p < 0.01) to levels of 88 ml/kg at a time when the 
arterial pressure was at its highest value. Period 4 is 
significantly reduced when compared to all of the pre- 
ceding periods (Fig. 3 and Table I). 
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Fig. 4. Values (+ 1 SE) for the cardiac output during the 
various periods of study. No significant changes occurred. 


Changes in cardiac output. There was no significant 
change in cardiac output during any of the periods of 
study. There was a 14 ml/min decrease during the 1- 
week surgery period when contrasted to the 124 ml/ 
min/kg of body weight of the ewes which was observed 
in the control period. The cardiac output was stable at 
118 to 119 ml/min/kg during the hypertension period 
and the 2-week postdelivery period (Fig. 4). Total car- 
diac output also decreased during the surgery period 
and then increased by 600 ml/min during the hyper- 
tension period. Following delivery there was a decrease 
of slightly over 700 ml (Table I). 

Changes in systemic vascular resistance. Systemic vascular 
resistance, calculated as the ratio of the mean arterial 
pressure and cardiac output, increased during each pe- 
riod of the study (Fig. 5 and Table I). The constriction 
and postpartum periods are significantly greater than 
the control period. 


Comment 


The present series of experiments attempts to ad- 
dress some of the possible mechanisms involved in the 
previously observed decrease in pelvic blood flow dur- 
ing one-kidney, one-clip renal hypertension in the 
pregnant ewe. 

Choice of experimental model. The one-kidney, 
one-clip model was chosen because of its previously 
demonstrated significant impact on pelvic blood flow.’ 
We wanted a model that would to some degree mimic 
the reduction in uteroplacental blood flow that, most 
authors agree, occurs in human pregnancies compli- 
cated by hypertension.’’ Our previous studies had 
demonstrated that the two-kidney, one-clip model pro- 
duced only a transient decrease in uterine blood flow.’ 
Furthermore, part of our objective in this study was to 
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Fig. 5. Changes in the systemic vascular resistance during the 
various periods of study. Both the constriction and postpartum 
periods are significantly greater than the control period. Note 
the similarity of the resistance and pressure changes. 


determine whether there was a difference between the 
acute and chronic effects of one-kidney, one-clip renal 
hypertension in the latter part of pregnancy. Olmsted 
and Page” had demonstrated in nonpregnant trained 
dogs with one-kidney, one-clip hypertension that there 
was an initial 20% decrease in cardiac output. However, 
by 10 to 20 days of hypertension, the cardiac output 
had returned to prehypertensive values. We recognized 
that this model tended to be more morbid, because we 
were manipulating the only remaining kidney. Indeed, 
overzealous constriction of the renal artery resulted in 
the infarction of three kidneys and subsequent loss of 
the animal in this series. 

Impact of the surgical procedures. The control val- 
ues obtained for arterial pressure, cardiac output, sys- 
temic vascular resistance, and blood volume are similar 
to values we have been obtaining in our laboratory for 
many years under a variety of experimental protocols. 
It is important to note that these control data were 
collected following recovery from a thoracotomy, which 
may account for the slightly elevated heart rate. As can 
be seen in Fig. 1 and Table I, after renal surgery but 
before renal artery constriction, there is a noticeable 
increase in mean arterial pressure. We have noted and 
reported this increase in our previous series and in the 
past have attempted to allow a longer recovery. Un- 
fortunately, this increase in arterial pressure frequently 
does not return to control levels after several weeks. It 
is certainly possible that despite all possible precautions, 
the instrumentation of the right renal artery with a flow 
transducer and constrictor has resulted in a reduction 
in renal blood flow, although the flow values we ob- 
tained by the fifth postoperative day were within the 
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expected normal range. Supportive evidence for a pos- 
sible reduction in flow comes from our previously re- 
ported elevated plasma renin activity levels during this 
phase of the experiment. Notwithstanding the reason 
for the elevated arterial pressure during this recovery 
period, because of the inexorable progress of preg- 
nancy, we have allowed a standard 5- to 7-day recovery 
and then proceeded with renal artery constriction. 

Behavior of central and peripheral hemodynamics 
during renal artery constriction. The present data ob- 
tained from the one-kidney, one-clip hypertensive 
pregnant ewe show clearly that the rise in arterial pres- 
sure is primarily related to the increase in systemic vas- 
cular resistance. Fig. 4 and Table I illustrate the rela- 
tively small minimal change in cardiac output during 
all four phases of the study. Only during the hyper- 
tension period does the cardiac output appear to con- 
tribute to the change in systemic vascular resistance by 
increasing 12% while the resistance has increased 21%. 

The cardiac output values are 20% to 30% greater 
than those we have obtained in our laboratory with use 
of similar methods in nonpregnant sheep.'' The ques- 
tion of whether the cardiac output values obtained dur- 
ing the constriction phase might be lower than normally 
expected in the near-term normotensive animal cannot 
be answered with certainty, but existing data by a dye 
dilution technique do demonstrate a 25% increase in 
cardiac output occurring in the last 4 to 5 weeks of 
ovine pregnancy.” The early pregnant and postpartum 
cardiac output values are quite similar to those we have 
obtained during our control and postpartum periods. 
In contrast, most authorities agree that in the human, 
there is very little increase in cardiac output during 
most of the third trimester. The time period of our 
study would correspond to this period. It is somewhat 
surprising that the cardiac output in our study did not 
decrease significantly in the postpartum period, but the 
period of observation was only 2 weeks. It is also im- 
portant to keep in mind that these animals were lac- 
tating. There is, unfortunately, no serial data in nor- 
motensive animals or humans with which to compare 
this observation. 

Our finding of a minimal change in blood volume 
during all phases of the experiment before delivery is 
somewhat disappointing. There is nearly unanimous 
agreement that with all significant hypertension in hu- 
man pregnancy there is some reduction in intravascular 
volume, but our animals actually had a slight increase 
in total blood volume (Table I). As with cardiac output, 
most authorities agree that there is little change in blood 
volume during the third trimester of human preg- 
nancy, a time comparable to this study in the sheep with 
which we can compare our results. But in nonpregnant 
ewes the mean blood volume is about 70 ml/kg; there- 

-fore our ewes had a 50% increase in blood volume 
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secondary to pregnancy.'*'* Other investigators have 
reported a 24% increase during ovine pregnancy. We 
observed a significant decrease in blood volume during 
the first 2 weeks post partum in these lactating ewes. 
There are no existing data with which to compare this 
interesting finding, but it does tend to validate the in- 
crease that we observed during pregnancy. 

The relationship of renal hypertension and intra- 
vascular volume is another important variable. We ob- 
served less than a 200 ml increase in total blood volume 
while body weight was increasing 4 kg between the 
surgery and hypertension periods. As a generalization, 
the one-kidney, one-clip model is considered to be a 
volume expanded model, but there is considerable spe- 
cies variation and the literature does not have good 
agreement.’ '® Some studies have demonstrated an in- 
creased intravascular volume within hours of renal ar- 
tery constriction only to return to a stable value some 
days later in the intermediate or chronic phases, while 
others have found no significant changes in plasma 
volume at 3 or 14 days after renal artery clipping.” In 
our study, plasma volume was determined on a weekly 
basis and we, therefore, may have missed an acute tran- 
sient change. 

In conclusion, this study was designed to further ex- 
plore the cause of the significant progressive reduction 
in pelvic blood flow following the induction of one- 
kidney, one-clip hypertension in the pregnant ewe. We 
have excluded significant changes in cardiac output and 
blood volume as major contributors. Therefore one 
may conclude that there must be a redistribution of 
cardiac output to other regional vascular beds. Further 
studies are necessary to explore this hypothesis. 
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Human chorionic gonadotropin reduces aromatizable androgens 
and aromatase activity in women stimulated by clomiphene 
citrate and human menopausal gonadotropin 


P. Serafini, M.D., T. Tan, M.S., and G. Norbryhn, R.N. 


Orange, California 


Periovulatory steroidal dynamics in women undergoing ovulation induction with clomiphene citrate and 
human menopausal gonadotropin were studied in 31 women with tubal blockage. Serum estradiol levels 
were significantly reduced 36 hours after human chorionic gonadotropin administration (from 1792 + 162 
to 926 + 132 pg/ml, p < 0.001). Peripheral levels of testosterone and androstenedione did not change 
during this periovulatory time. Progesterone and 17a-hydroxyprogesterone, as anticipated, significantly 
increased with an early rise noted within the first 8 hours of human chorionic gonadotropin administration 
(p < 0.001). A significant reduction of the ratios of the steroidal pairs 17a-hydroxyprogesterone— 
progesterone (17a-hydroxylase) and androstenedione—17a-hydroxyprogesterone (17,20-desmolase) was 
observed after human chorionic gonadotropin injection (p < 0.001). Aromatase activity appeared to be 
inhibited because of a significant reduction in the estradiol/testosterone ratio 34 to 36 hours after human 
chorionic gonadotropin administration. Thus human chorionic gonadotropin, which triggers ovulation in 
women treated by clomiphene citrate-human menopausal gonadotropin, appears to partially reduce 
aromatizable substrate as well as inhibit aromatase activity. (Am J OpsteT GYNECOL 1986;155: 


1236-9.) 


Key words: Human chorionic gonadotropin, aromatizable androgens, aromatase, 


clomiphene citrate, human menopausal gonadotropin 


Studies conducted in laboratory aniraals and in gran- 
ulosa cell culture systems in vitro have demonstrated 
the necessity of aromatizable androgen as substrate for 
the production of 17B-estradiol.'® This enzymatic ac- 
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tivity peaks in the periovulatory period and declines in 
the luteal phase.*'' Suzuki and Tamaoki’®'' have shown 
that either the administration of human chorionic go- 
nadotropin or spontaneous ovulation causes a reduc- 
tion in aromatizable androgen resulting in a decrease 
in aromatase activity in the rat. However, these inves- 
tigators unexpectedly observed an enhancement in 
postovulatory aromatase activity and a concomitant re- 
duction in estradiol. This apparent paradox prompted 
us to evaluate the periovulatory steroid dynamics and 
the temporal relationship of aromatase activity in 
women undergoing ovulation induction by a combi- 
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Table I. Periovulatory serum levels of estradiol, testosterone, androstenedione, progesterone, and 
17-hydroxyprogesterone in women treated with clomiphene citrate and human menopausal gonadotropin 


Sra ; 


Estradiol (pg/ml) 1792 + 162 
Testosterone (ng/dl) 87.3 + 10.6 
Androstenedione (ng/ml) 6.1 + 0.8 

Progesterone (ng/ml) 0.72 + 0.06 
17-Hydroxyprogesterone (ng/ml) 2.29 £ -0:35 


Data expressed as mean + SEM. 


nation of clomiphene citrate and human menopausal 
gonadotropin. 


Material and methods 


Thirty-one women, aged 23 to 39, with bilateral tubal 
blockage were studied during in vitro fertilization. 
These women had normal menstrual histories (men- 
strual cycles of 27 to 31 days), normal body weights, 
and normal serum androgen levels. Serum testosterone 
ranged between 14 and 72 ng/dl and androstenedione 
between 1.21 and 4.34 ng/ml. The patients received a 
combination of clomiphene citrate (100 mg/day) with 
initiation of therapy on day 2 or 3 of the menstrual 
cycle followed by one ampule of human menopausal 
gonadotropin (Pergonal, Serono Laboratories, Inc., 
Randolph, Massachusetts). Clomiphene citrate was ad- 
ministered for 5 days and human menopausal gonad- 
otropin, which was begun on the same day as clomi- 
phene citrate, was given until follicular maturation was 
obtained. Five thousand units of human chorionic go- 
nadotropin was administered when at least two follicles 
reached 16 to 18 mm and estradiol plateaued.'? Follic- 
ular aspiration was performed 34 to 36 hours after 
human chorionic gonadotropin administration. The 
day of human chorionic gonadotropin administration 
was considered to be day 0. 

Before initiation of ovulation induction, a pelvic ul- 
trasound ruled out ovarian abnormality. Follicular de- 
velopment was monitored daily by pelvic ultrasound 
and daily serum levels of estradiol, progesterone, and 
luteinizing hormone. Venous blood was obtained from 
each subject between 6:00 and 8:00 am before any med- 
ication was given. The blood was allowed to clot and 
then centrifuged, and serum was stored at — 20° C until 
assayed. Steroid levels were measured by commercially 
available radioimmunoassay kits. Progesterone assay 
kits were obtained from Diagnostic Products Co., Los 
Angeles, California. Kits for estradiol, testosterone, an- 
drostenedione, and 17a-hydroxyprogesterone mea- 
surements were purchased from Pantex, Santa Monica, 
California. For all the radioimmunoassays performed, 
the intra-assay and interassay coefficients of variation 
did not exceed 8% and 14%, respectively. 

- Statistical analyses were determined by Student’s t 


2399 = 206 NS 962 + 132 0.001 

99.4 + 12 NS 86.6 + 6.3 NS 
6.7 = C9 NS 5.4 + 0.75 NS 

2.58 + 0.32 0.001 4.63 + 0.4 

6.02 + 0.89 0.001 4.97 + 0.62 0.01 


test, paired ¢ test, and Spearman’s correlation coeffi- 
cient where appropriate. 


Results 


Serum levels of estradiol, testosterone, androstene- 
dione, progesterone, and 17a-hydroxyprogesterone on 
the day of human chorionic gonadotropin administra- 
tion and on the following 2 days are shown in Table I. 
A slight but not significant increase in serum estradiol 
level was observed within 8 to 14 hours (mean of 12 
hours) after human chorionic gonadotropin adminis- 
tration. The levels of estradiol during oocyte collection 
(34 to 36 hours after human chorionic gonadotropin) 
were significantly reduced (1792 + 162 to 962 + 132 
pg/ml, p < 0.001). Peripheral levels of androgens (tes- 
tosterone and androstenedione) did not significantly 
change during the periovulatory period. Progesterone, 
as anticipated, significantly rose within the first few 
hours after human chorionic gonadotropin adminis- 
tration (from 0.72 + 0.06 to 2.58 + 0.32 ng/ml, 
p < 0.001). On day +2, the progesterone level was 
4.63 + 0.4 ng/ml, which was significantly greater than 
the levels on day 0 (p < 0.001) and day +1 (p < 0.01). 
Serum 17a-hydroxyprogesterone followed a similar 
pattern of change on day + 1 with a threefold increase 
(2.29 + 0.35 to 6.02 + 0.89 ng/ml, p< 0.001). On 
day +2, 17a-hydroxyprogesterone was significantly 
greater than that on day 0 (p < 0.01) but not different 
from levels on day + 1. A significant positive correlation 
was noted between testosterone and androstenedione 
on days 0, +1, and +2 (r = 0.86, 0.79, and 0.60, re- 
spectively; p < 0.001). Serum levels of testosterone and 
estradiol showed a progressive increase, and a positive 
correlation between the two was noted on days 0 and 
+1 (r = 0.7 and 0.77, p < 0.001). 

The ratio of the steroid pair 17a-hydroxyprogester- 
one—progesterone was used as an index of 17a-hy- 
droxylase activity (Fig. 1). A significant reduction of 
17a-hydroxylase was observed after human chorionic 
gonadotropin administration. No differences were 
found between values obtained on days +1 and +2. 

The 17,20-desmolase activity was assessed by the ra- 
tio androstenedione/17a-hydroxyprogesterone (Fig. 
1). A significant inhibition was observed within a few 
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Fig. 1. Steroid pair ratios depicting 17a-hydroxylase (17P/P), 17,20-desmolase (4‘A/17P), and aro- 
matase activity (E,/T) in women stimulated by a combination of clomiphene citrate and human 


menopausal gonadotropin. 


hours after human chorionic gonadotropin adminis- 
tration (p < 0.01). This inhibitory effect persisted for 
at least 36 hours. Aromatase activity was evaluated by 
the serum estradiol/testosterone ratio. Human chori- 
onic gonadotropin had no immediate effect on aro- 
matase activity; however, a significant inhibition was 
noted 34 to 36 hours after human chorionic gonado- 
tropin was given (p < 0.01). 

An average of 6.2 + 0.9 follicles per patient were 
visualized by ultrasound and 5.1 + 0.6 oocytes were 
recovered. A fertilization rate of 70.2% + 7% and a 
pregnancy rate of 12.9% were noted in the women 
evaluated. 


Comment 


The results of this study support the notion that hu- 
man chorionic gonadotropin administration in the per- 
iovulatory period reduced aromatizable androgen. 
These data suggest that 17a-hydroxylase activity is in- 
hibited. The diminution of the androstenedione/17a- 
hydroxyprogesterone ratio, reflecting 17,20-desmo- 
lase activity, after human chorionic gonadotropin con- 
tributes further to the reduction in the aromatizable 
androgen pool. Although the steroid pairs 17a-hy- 
droxyprogesterone—progesterone and androstenedi- 
one/17a—hydroxyprogesterone are altered, the base- 
line serum levels of androstenedione and testosterone 
and the testosterone/androstenedione ratio remained 
unchanged. These data suggest that this enzymatic in- 
hibition is subtle and only the analysis of steroidal pairs 
discloses this modest inhibitory activity. These find- 
ings confirm the studies undertaken by Suzuki and 


Tamaoki'® '' in female rats. As reported earlier by these 
authors,'' human chorionic gonadotropin injection de- 
creased the ovarian microsomal cytochrome P-450 con- 
tent and most probably affected theca cells.'* '* 

Aromatase activity, as reflected by the steroid estra- 
diol/testosterone ratio, was unchanged 8 hours after 
human chorionic gonadotropin. Indeed, in the great 
majority of patients, the rise in serum estradiol levels 
after human chorionic gonadotropin implied a possible 
completion of granulosa cell maturation. If this as- 
sumption were accurate, one would not have expected 
to observe a reduction in aromatase activity as noted 
by Suzuki and Tamaoki.” In addition, it is possible 
that theca cells would be more sensitive than granulosa 
cells to the action of human chorionic gonadotropin 
as reflected by the prompt reduction in the 17a- 
hydroxyprogesterone/progesterone and androstene- 
dione/17a-hydroxyprogesterone ratios. Nevertheless, 
serum estradiol and the estradiol/testosterone ratio fell 
significantly 36 hours after human chorionic gonado- 
tropin was given, which suggests that granulosa cells 
were affected by human chorionic gonadotropin at a 
later stage. It appears that the reduction in 17a-hy- 
droxylase and 17,20-desmolase activities would also 
contribute to the diminution of aromatase activity. Al- 
though our data are suggestive of a reduction in aro- 
matizable androgen that parallels the findings of 
others,’”*'' our findings were based on peripheral ste- 
roid levels, which may not accurately reflect ovarian 
steroid production. 

In summary, the reduction in the serum estradiol 
level that follows human chorionic gonadotropin ine 
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jection in women treated with clomiphene citrate—hu- 
man menopausal gonadotropin appears to be only par- 
tially caused by a diminution of substrate. The impact 
of human chorionic gonadotropin on granulosa cell 
activity appears to contribute to the decrease in estra- 
diol by causing an effect on aromatase activity. 
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Effects of cryopreservation on the viability and fertilizability 


of unfertilized hamster oocytes 


C. James Chuong, M.D., M.P.H., and Carolyn B. Coulam, M.D. 


Rochester, Minnesota 


To examine the effects of cryopreservation on unfertilized oocytes, oocytes were collected from hamsters 
after injection of 25 IU of pregnant mare serum gonadotropin and 50 IU of human chorionic gonadotropin. 
Oocytes were placed in French straws containing Hepes-buffered Tyrode’s medium and 2 mol/L of | 
dimethyl sulfoxide at room temperature (method 1) or at 0° C (method 2). They were cooled to —6° C ata 
rate of — 2° C/min (method 1) or at —0.5° C/min (method 2). The freezing rate was —0.3° C/min to a 
temperature of — 80° C, and then it was plunged to — 196° C. After thawing 1 to 21 days later at 8° 

C/min, 52% (method 1) and 64% (method 2) of the oocytes showed normal morphologic features, 87% 
(method 1) and 89% (method 2) were viable by trypan blue staining, and 56% (method 1) and 59% 
(method 2) were viable by fluorescein diacetate staining. Comparable values for freshly collected oocytes 
were 95%, 100%, and 100%, respectively. Frozen-thawed oocytes were fertilized in vitro at a level of 26% 
(17/66) compared with 76% (51/67) for freshly collected controls. When the penetration rate of human 
spermatozoa was examined, frozen-thawed oocytes were penetrated at about one third of the fresh 
controls (14% or 18/129 compared to 42% in method 1 and 22% or 21/95 compared to 58% in method 2). 
The ability of oocytes to tolerate storage at — 196° C could be important in regard to various genetic 
studies, supply for hamster egg penetration assay, and cryopreservation of human oocytes. (Am J OBSTET 


GYNECOL 1986;155:1240-5.) 


Key words: Cryopreservation, viability, fertilizability 


Although the use of frozen sperm for artificial in- 
semination has been available for a number of years,’ 
similar technology for the egg is still in its infancy. Sev- 
eral procedures for cryopreservation of unfertilized 00- 
cytes were reported in the mouse,” rat,* mongolian 
gerbil,* hamster,” *’ and nonhuman primate.’ The suc- 
cessful fertilization of these oocytes resulting in normal 
newborn mice were reported.” The rate of survival of 
frozen-thawed oocytes varied from 2% to 94%. The 
ultimate test of viability for oocytes after cryopreser- 
vation is their ability to be fertilized and to develop into 
normal live offspring when introduced into the repro- 
ductive tracts of appropriately synchronized recipients. 
This type of assay is not always practicable, and alter- 
native methods of evaluation become necessary. Thus 
the first part of the study was conducted to examine 
the effects of cryopreservation on the viability and fer- 
tilizability of frozen-thawed hamster oocytes. The via- 
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bility by trypan blue dye test and fluorescein diacetate 
test and the frequency of oocytes penetrated by ho- 
mologous sperm were the endpoints examined. 

The hamster egg penetration assay has been shown 
to be a useful tool to discriminate between semen sam- 
ples from fertile and suspected infertile men.’ So far, 
the fusion of human spermatozoa with oocytes of any 
other mammalian species has not been demonstrated. 
This characteristic may also be used as an indirect 
method for making an assessment of survival of frozen 
oocytes. Thus the second part of the study was con- 
ducted to examine the effects of cryopreservation on 
hamster oocytes in terms of the fertilizing capacity of 
human spermatozoa. The penetration rate of human 
spermatozoa into hamster oocytes was the end point 
examined. 


Material and methods 


Collection of oocytes. Immature (3 to 4 weeks) 
golden hamsters were injected with 25 IU of pregnant 
mare serum gonadotropin intraperitoneally, followed 
55 hours later with 50 IU of human chorionic gonad- 
otropin; the ampullar portion of the oviducts were dis- 
sected in Hepes-buffered Tyrode’s medium as previ- 
ously described’ containing 3% untreated bovine serum 
albumin (Sigma Chemical, fraction V, St. Louis, Mis- 
souri). Under the dissecting scope the cumulus-oocyte 
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Fig. 1. Normal oocytes with a light, nongranular and translucent vitellus and a distinct periphery. 


(xX 450.) 





Fig. 2. Abnormal oocytes with a granular and non-translucent vitellus. (X 450.) 


mass was released from the oviduct and was transferred 
to another portion of Hepes-buffered Tyrode’s me- 
dium with 1 mg/ml of hyaluronidase (Gibco Labora- 
tory, Chagrin Falls, Ohio) for 5 to 10 minutes. After 
the cumulus cells were removed, the oocytes were 
washed twice in fresh medium. 

Freezing 

Method 1. After being washed, the denuded oocytes 
were placed in freezing medium containing Hepes- 
buffered Tyrode’s medium and 2.0 mol/L of dimethyl 
sulfoxide (Sigma) at room temperature. They were 
transferred to 0.5 ml of French straws with 30 to 60 
oocytes per straw. Fifteen minutes later the straws were 
placed in the programmable cell freezer (Planer Prod- 


ucts, Ltd., London, England, model R204) and cooled 
from room temperature to —6° C at a rate of —2° C/ 
min. The straws were manually seeded by touching the 
side of the straws with forceps that had been immersed 
in liquid nitrogen. The samples were held for an addi- 
tional 3 minutes at the seeding temperature to ensure 
that crystallization reached equilibrium. After the seed- 
ing the oocytes were cooled at — 0.3° C/min to — 80° C. 
At that time the samples were transferred to a liquid 
nitrogen tank and stored at — 196° C from | to 21 days. 

Method 2. After being washed, the denuded oocytes 
were placed on ice for 20 minutes before being trans- 
ferred to freezing Hepes-buffered Tyrode’s medium 
and 2.0 mol/L of dimethyl sulfoxide that was precooled 
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Fig. 4. Hamster in vitro fertilization. Decondensing sperm head (arrow) is visible, indicating pene- 


tration of the oocytes. (x 450.) 


to 0° C. They were placed in the French straws and cell 
freezer in a similar fashion to that of method 1. The 
cooling was from 0° C to —6° C at a rate of —0.5° C/ 
min. The seeding step and the rest of the cooling pro- 
cedures were the same as described in method 1. 
Thawing. The oocytes were recovered by slow thaw- 
ing of the straws at 8° C/min by placing them in the 
cell freezer which had been prechilled to — 80° C. After 
the samples thawed, they were transferred into the Pe- 
tri dishes and left at room temperature for 5 minutes 
before dilution of the dimethyl sulfoxide. This was 
done by the single addition of 1 ml of fresh Hepes- 
buffered Tyrode’s medium. The oocytes were then 
washed twice with the same medium before being trans- 
ferred to Tyrode’s medium as previously described.” 
They were incubated at 37° C in 5% carbon dioxide 


and 95% air for 1 hour. At the end of incubation the 
oocytes were prepared for various experiments. 
Viability. The oocytes were examined under a dis- 
secting microscope and the normal oocytes recorded. 
The criteria for normal morphologic features included 
a light, nongranular, and translucent vitellus with a 
distinct periphery (Fig. 1). Oocytes that had a granular, 
nontranslucent, or deformed vitellus were regarded as 
being abnormal (Figs. 2 and 3). They were washed with 
0.9% saline solution, and 50 pl of 20% trypan blue 
solution (Sigma) was added to ascertain the viability of 
the oocytes.” Fluorescein diacetate testing was per- 
formed by transferring the oocytes to a depression slide 
containing 10 pl of 6 x 107° mol/L of fluorescein di- 
acetate (Sigma) in phosphate-buffered solution and, 
then examining it under a fluorescence microscope." 
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Fig. 5. Hamster egg penetration assay by human spermatozoa. Decondensing sperm heads (arrow) 
are visible, indicating penetration of the oocytes. (X 450.) 


Table I. Survival of hamster oocytes after storage at — 196° C 













Freshly collected _ 310 ~ 184/194 
Frozen-thawed 
Method I 680 607 89 277/529 
Method II 396 350 88 221/345 















No. with normal No. trypan blue— No. of fluorescein 
Oocytes morphologic features! negative (viable)/ diacetate—positive 
recovered No. tested No. tested (viable)/No. tested 





95 110/110 100 157/157 100 
þar 114/131 87* 203/366 56* 
64¢% 102/115 89$ 140/248 59t§ 





Values are for four to eight replicates. 
*Frozen-thawed method I vs. freshly collected, p < 0.001. 


+Frozen-thawed method II vs. freshly collected, p < 0.001. 


¢Frozen-thawed method II vs. method I, p < 0.001. 


§Frozen-thawed method II vs. method I, p > 0.05 (not significant). 


They were classified as either positive (bright fluores- 
cence) or negative (faint or no fluorescence). 

Hamster in vitro fertilization 

Spermatozoa preparation. For each replicate of the ex- 
periment the spermatozoa from the same male were 
used for freshly collected and frozen oocytes. The fol- 
lowing procedure is similar to what was described pre- 
viously.'"* The caudae epididymides of adult male 
golden hamsters were dissected and the contents al- 
lowed to be expelled into sperm wash medium, which 
was a modified Talps medium containing 2 mmol/L of 
sodium bicarbonate, 24 mg of Hepes per milliliter, and 
0.3% fatty acid-free bovine serum albumin (Sigma). 
The concentration of the spermatozoa was adjusted to 
1 x 10° motile sperm per milliliter by adding fertiliza- 
tion medium containing Talps with 25 mmol/L sodium 
bicarbonate and 0.3% fatty acid—free bovine serum al- 
bumin. 
. Insemination and fertilization. A 48 wl drop of the 
sperm suspension and 2 pl of penicillamine, hypo- 


taurine, and epinephrine were added to equilibrated 
mineral oil and incubated for 3 hours to allow capa- 
citation. At the end of the incubation the oocytes were 
introduced to the sperm droplets and were co-incu- 
bated for a further 6 hours. The oocytes were then 
mounted on slides to be examined with Nomarski op- 
tics. The end point evaluated were percentage of oo- 
cytes penetrated by spermatozoa. The oocytes were 
considered to have been penetrated when they con- 
tained a decondensing sperm head or male pronucleus 
(Fig. 4). 

Hamster egg penetration assay by human sperma- 
tozoa 

Spermatozoa preparation. Semen specimens from six 
healthy donors who had proven fertility were used. For 
each replicate of the experiment the spermatozoa from 
only one donor were used for both freshly collected 
and frozen oocytes. The semen was allowed to liquify 
at room temperature for 30 minutes and centrifuged 
in Talps medium with 25 mmol/L of sodium bicarbon- 
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Table II. Comparison of human sperm penetration into zona-free hamster oocytes when freshly collected 


and after storage at — 196° C (method 1) 


Freshly collected 


Frozen-thawed 


D Penetrated o Penetrated 
Fluorescein 

diacetate staining Total No. Ei oe Total No. iT ae % 
Not tested 149 22 15 
Tested 

Positive 196 88 45 72 18 25 

Negative 0 0 57 0 
Subtotal 196 88 129 18 
Total 324 135 42* 278 40 14* 


Values are for 10 replicates, p < 0.001. 


Table III. Comparison of human sperm penetration into zona-free hamster oocytes when freshly collected 


and after storage at — 196° C (method 2) 


Freshly collected 


Frozen-thawed 


Fluorescein diacetate 

Not tested — — = 

Tested 
Positive 84 49 58 53 21 40 
Negative 0 0 42 0 

Subtotal 84 49 95 21 

Total 84 49 58* 95 21 22* 





Values are for three replicates. 
*p < 0.001. 


ate and 0.3% human serum albumin (Sigma) at 500 gm 
for 5 minutes twice. The supernatant was discarded to 
remove residual seminal plasma. The pellet was resus- 
pended with 1 ml of fresh medium at 37° C in 5% 
carbon dioxide and 95% air atmosphere for 1 ¥2 hours. 
The final concentration was adjusted to 1 x 10’ motile 
sperm per milliliter and the sample was incubated again 
for 18 to 20 hours before insemination. 

Insemination and preparation. A 25 wl drop of the 
sperm suspension was added to equilibrated mineral 
oil for 2 to 3 hours. The frozen-thawed oocytes that 
had undergone the fluorescein diacetate test were 
placed in Talps medium containing 0.3 mg/ml of tryp- 
sin (Sigma) to remove the zona pellucida, washed three 
times in fresh medium, and introduced to the sperm 
droplets. After 6 to 8 hours co-incubation period, the 
oocytes were mounted on slides to be examined with 
Nomarski optics and were considered to have been pen- 
etrated when they contained a decondensing sperm 
head or male pronucleus in vitellus with accompanying 
sperm tail (Fig. 5). Efforts were made to compare the 
results between fluorescein diacetate—positive and flu- 
orescein diacetate—negative oocytes. Unfrozen oocytes 
also underwent a similar procedure to serve as controls. 


Statistical analysis. All the statistical analyses were 
performed by the x’ test, and the level of significance 
was selected at p < 0.05. 


Results 


Viability. The survival of frozen-thawed hamster oo- 
cytes is shown in Table I. Viability of oocytes after both 
methods of freezing was significantly lower than that 
of freshly collected controls as measured by morpho- 
logic findings, trypan blue vital stain, and fluorescein 
diacetate test (all p values were <0.001). Significantly 
more oocytes with normal morphologic features (64%) 
were noted when freezing method 2 was used com- 
pared to when method 1 was used (52%) (p < 0.001). 
However, there was no significant differences between 
the two methods in the results of trypan blue and flu- 
orescein diacetate tests. 

Hamster in vitro fertilization. The penetration rate 
of hamster spermatozoa into the frozen-thawed oocytes 
via method | was about one third of that obtained with 
freshly collected oocytes (26%, or 17/66 compared to 
76%, or 51/67, values were for two replicates). This 
difference was significant (p < 0.001). 

Hamster egg penetration assay by human sperma; 
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tozoa. The penetration rate of human spermatozoa into 
the frozen-thawed oocytes was about one third of that 
obtained with freshly collected oocytes via either 
method (14% compared to 42% by Method 1, and 22% 
compared to 58% by Method 2) (Tables II and III). 
These differences in either method were significant 
(both p values were <0.001). When the frozen-thawed 
oocytes were divided into fluorescein diacetate—positive 
and -negative groups before the human sperm pene- 
tration assay, 25% of the fluorescein diacetate—positive 
oocytes were penetrated in method 1 and 40% in 
method 2. None of the fluorescein diacetate—negative 
oocytes were penetrated in either method. _ 


Comment 


The fluorescein diacetate test was developed as a vital 

Stain assay for cells and has been used in assessing em- 
bryo viability after the frozen-thawed procedure.” Our 
results showed less survival of frozen-thawed oocytes 
as measured by morphologic findings and fluorescein 
diacetate test than that by trypan blue test. This implies 
that although some oocytes were trypan blue negative, 
indicating the integrity of the cell membrane, they had 
already become deformed or cracked with granular 
and opaque vitellus and had lost the activity of cyto- 
plasmic esterase which was necessary to hydrolyze the 
‘acetate groups of fluorescein diacetate to release free 
fluorescein intracellularly. In other words, the gross 
morphologic features and cellular esterases might be 
more sensitive to the frozen- thawed procedures than 
the membrane permeability. Most of the fluorescein 
diacetate—negative oocytes were “fragile,” which could 
imply, in addition to the inactivation of cytoplasmic 
esterases, that these oocytes also had changes in the 
qualities of the cytoplasm and possible intracellular or- 
ganelles. - 

The percentage of fertilization of the normal-ap- 
pearing oocytes ranged from 4% to 58% after freezing 
and thawing compared to 79% to 89% of the unfrozen 
group in most experimental animals.” *° There is as yet 
no established method to discriminate between those 
frozen oocytes that would be fertilized from those that 
would not. A high correlation between the ability of 
embryos to retain fluorescein diacetate after thawing 
and their ability to develop in culture has been dem- 
onstrated." The fluorescein diacetate test has also been 
used in assessing the survival of unfertilized oocytes 
after freezing and thawing.” However, there have been 
no reports on the correlation between the ability of 
oocytes to retain fluorescein diacetate and their ferti- 
lizability. When the frozen-thawed oocytes underwent 
fluorescein diacetate testing before the human sperm 
penetration assay, we noted no instance in which the 
fluorescein diacetate—negative oocytes penetrated in ei- 

„ther method. 
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It was assumed that, with the changes in method 2 
of freezing, the resulting slower ice crystal formation 
and decreased toxicity of dimethyl sulfoxide might in- 
crease the survival of the frozen-thawed oocytes. No 
significant differences between the two methods were 
noted when measured by trypan blue, fluorescein di- 
acetate test, or human spermatozoa penetration assay. 
The frozen-thawed hamster oocytes penetrated by hu- 
man spermatozoa were about one third of those of 
the freshly collected controls. In spite of this differ- 
ence, the ability of these oocytes to tolerate storage at 
— 196° C, a temperature at which only photophysical 
reactions take place," could be developed into a con- 
venient way of supplying and transporting hamster oo- 
cytes to places where the maintenance of hamsters is 
difficult. These studies also provide an important base 
from which clinical methods relative to cryopreserva- 
tion of human oocytes, their subsequent thawing, and 
in vitro fertilization can be derived. 
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The effect of estrogen-progestin treatment on opioid conio 
of gonadotropin and prolactin secretion in 


postmenopausal women 


M. Yusoff Dawood, M.D., Firyal S. Khan-Dawood, Ph.D., and Josefina Ramos, M.D. 


Chicago, Illinois 


Naloxone (10 mg) was given intravenously to seven postmenopausal women not receiving hormone 
treatment and to six postmenopausal women receiving Premarin-Provera treatment during the Premarin 
phase and also during the Premarin-Provera phase of therapy. Baseline estrone and estradiol ievels 
(mean + SEM) were significantly lower in the group not receiving hormones (46.0 + 5.2 pg/mi and 

28.4 + 3.1 pg/ml, respectively) than in the group in the Premarin phase of therapy (154 + 14 pg/ml and 
79 + 13 pg/ml) and the group in the Premarin-Provera phase (135.1 + 8.3 pg/ml and 57.5 + 3.0 pg/ml) 
(p < 0.005). Follicle-stimulating hormone, luteinizing hormone, and prolactin levels were 118.7 + 5.3 mIU/ 
ml, 118.7 + 9.5 mlU/mi, and 9.2 + 0.7 ng/ml, respectively, with no significant change after naloxone 
administration in untreated women. With hormone therapy the basal follicle-stimulating hormone and 
luteinizing hormone levels decreased significantly while basal plasma estrone and estradiol increased 
significantly. In both the group in the Premarin phase of therapy and the group in the Premarin-Provera 
phase, luteinizing hormone levels increased significantly at 30 (135% + 10%, 144% + 8%), 45 

(150% + 12%, 133% + 11%), 60 (149% + 15%, 128% + 11%), and 90 (139% + 15%, 132% + 13%) 
minutes after naloxone administration (p < 0.01 to p < 0.001). Follicle-stimulating hormone levels did not 
change significantly whereas prolactin levels showed a trend toward a decrease. These findings indicate 
that opioid inhibition of gonadotropins is reduced in postmenopausal women but increased with 
Premarin-Provera treatment. The effect of sex steroid on the opioid system in the postmenopausal women 
differs from that in the premenopausal women. (Am J Osstet Gynecot 1986;155:1246-51.) 


Key words: Menopause, opioid, endorphin, naloxone, gonadotrorins, prolactin 


Endogenous hypothalamic opioid peptides modulate 
the secretion of pituitary gonadotropins and prolactin. 
Investigations in normal-cycling women with infusions 
of the opioid receptor antagonist naloxone indicate that 
ovarian sex steroid hormones affect the opioid control 
of pituitary gonadotropin secretion.’* During the fol- 
licular phase of the normal menstrual cycle, opioid re- 
ceptor blockade with the antagonist naloxone did not 
elicit a rise in luteinizing hormone." * However, nal- 
oxone induced a significant increase of luteinizing hor- 
mone during the periovulatory and luteal phases of the’ 
cycle under the influence of endogenous progester- 

ne.” This would suggest that hypothalamic opioid 
tone is increased under the influence of progesterone. 
Furthermore, circulating levels of B-endorphin in- 
creased during the luteal phase of the menstrual cycle.‘ 
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Although opioid inhibition of pituitary gonadotropin 
secretion was suggested to be significantly elevated with 
oral contraceptive use,’ we found only a modest but 
not significant increase in spite of the strong progestin 
present in the oral contraceptive.® 

In the postmenopausal women, alterations in er-dog- 
enous opioid peptides have been implicated in the 
mechanism of the hot flush. Administration of opioid 
peptides can induce facial flushing.’ Lightman et al.’ 
reduced flushing and frequency of luteinizing hormone 
pulses when the opiate antagonist naloxone was infused 
into their subjects, but this observation could not be 
confirmed by others.’ In the postmenopausal women, 
opioid regulation of gonadotropin disappears, ° but 
medroxyprogesterone acetate (Provera), 20 mg given 
daily for 30 days, apparently increased opioid tonic 
inhibition of the luteinizing hormone secretion. This 
dose of Provera is certainly bigger and given over a 
more prolonged duration than the customary and 
widely employed protocol for estrogen and prcgestin 
hormonal replacement therapy of the postmenopausal 
women. 

There is agreement on the relative importaace of 
estrogen or progesterone in the hypothalamic opioid 
neuromodulation of gonadotropin secretion in nor- 
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Fig. 1. Mean + SEM plasma follicle-stimulating hormone (FSH) expressed as percent of baseline 
(100%) after intravenous (/V) naloxone, 10 mg, in postmenopausal women given estrogen (Prem- 
arin)/progestin (Provera) hormone therapy (n = 6) and in ones not given the therapy (n = 7). There 
was no significant change in follicle-stimulating hormone after naloxone administration in either 


group of postmenopausal women. 


mally cycling women, but the relative importance of 
these two steroids on the opioid control in anovulatory 
and hypogonadal states, such as the menopause, re- 
mains to be clearly elucidated. Therefore we carried 
out studies with use of the opioid receptor antagonist 
naloxone on postmenopausal women to examine (1) 
the opioid control of pituitary gonadotropins and pro- 
lactin secretion during the hypogonadal state without 
hormone therapy, and (2) the effect of estrogen alone 
and estrogen and progestin therapy on the opioid con- 
trol of gonadotropins and prolactin. 


Material and methods 


Patients. Thirteen postmenopausal women with a 
mean age of 49.9 + 1.2 years (mean + SEM) (range, 
41 to 56 years) and body weight of 62.0 + 1.5 kg 
(range, 53 to 69 kg) volunteered for the study, which 
was approved by the Institutional Review Committee 
for Human Research. Each woman gave written in- 
formed consent. Seven women had not taken any hor- 
monal preparation since their menopause, and six were 
receiving conjugated equine estrogens (Premarin) and 
medroxyprogesterone acetate (Provera) for at least 3 
months or more immediately before the investigation 
was performed. Four patients experienced natural 
menopause at least 2 years or longer, while nine patients 
had undergone total abdominal hysterectomy and bi- 
lateral salpingo-oophorectomy 6 months to 17 years 
before the investigation. The women receiving hor- 
monal replacement therapy were taking 0.625 mg 
Premarin daily from days 1 through 25 with Provera 
10 mg daily added from days 16 through 25. For the 
women receiving hormone replacement therapy, each 
was studied twice in the same cycle, once during days 


7 to 9 when they were receiving estrogen only and once 
during days 22 to 23 when they were receiving both 
estrogen and progestin. 

Naloxone and blood collection. After an overnight 
fast an indwelling heparin lock needle was inserted into 
a forearm vein. Thirty minutes later three baseline hep- 
arinized blood samples were obtained at 15-minute in- 
tervals. A single bolus dose of 10 mg of naloxone was 
given intravenously over a l-minute period after the 
third baseline blood sample was obtained. Heparinized 
blood samples were obtained 15, 30, 45, 60, 90, 120, 
and 180 minutes after naloxone injection. The blood 
samples were kept cold at 4° C and centrifuged to re- 
move the plasma. The plasma was stored frozen at 
~ 20° C until assayed for follicle-stimulating hormone, 
luteinizing hormone, prolactin, and baseline estrone, 
estradiol, and progesterone levels. 

Hormone determinations. All determinations for 
any single hormone were performed on all of the 
plasma samples of all the patients in the same assay so 
that interassay variability is avoided. 

Plasma follicle-stimulating hormone and luteinizing 
hormone were measured by specific and sensitive dou- 
ble antibody radioimmunoassays. The radioimmuno- 
assays as performed in our laboratory have been de- 
scribed in detail elsewhere.’ Jodine 125—labeled lutein- 
izing hormone was the radioactive ligand for the 
luteinizing hormone radioimmunoassay, and the intra- 
assay coefficient of variation was 2.0% to 2.6%. For the 
follicle-stimulating hormone assay, ‘I-labeled follicle- 
stimulating hormone was the radioactive ligand, and 
the intra-assay coefficient of variation was 3.3% to 7.7%. 
Follicle-stimulating hormone and luteinizing hormone 
levels were calculated as milli-International Units of 
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Table I. Baseline plasma gonadotropin, prolactin, estrogen, and progesterone levels before and during 


Premarin and during Premarin-Provera phases of estrogen-progestin treatment in postmenopausal women 






Plasma hormone 


Follicle-stumulating hormone (mIU/ml) 118.7 + 5.8 
Luteinizing hormone (mI U/ml) 118.7 + 9.5 
Prolactin (ng/ml) 9.2 + 0.7 
Estrone (pg/ml) 46.0 + 5.2 
Estradiol (pg/ml) 28.4 + 3.1 
Progesterone (ng/ml) 0.7 + 0.1 


NS = Not significant. 


Estrogen-progestin treatment 


During Premarin phase During Premarin-Provera phase 
(n = 18) (n = 18)t 
50.6 + 3.3 46.5 + 4.4 
63.6 + 2.0 68.6 + 6.4 
10.3 + 1.2 8.1 + 0.6 
154 + 14 135 + 8 
79 + 13 ‘58 + 3 
1.0 + 0.1 0.9 + 0.1 


*N = 21 blood samples (three baseline samples at 15-minute intervals from seven patients). 
tN = 18 blood samples (three baseline samples at 15-minute intervals from six patients). 


second international reference preparation of human 
menopausal gonadotropin. 

Plasma prolactin was measured by a homologous 
double antibody radioimmunoassay’ with use of a spe- 
cific rabbit antihuman prolactin antiserum which has 
less than 0.001% cross-reactivity with follicle-stimulat- 
ing hormone, luteinizing hormone, thyroid-stimulating 
hormone, human chorionic gonadotropin, and human 
growth hormone. ‘The intra-assay coefficient of varia- 
tion was 3.3% to 6.8%. The prolactin standard was 
prepared to correlate with the World Health Organi- 
zation first international reference preparation of 75/ 
504. . | 
Plasma unconjugated estrone and estradiol were 
measured by a specific and sensitive radioimmunoassay 
as previously described. ° The assays did not detect 
the estrogen conjugates in Premarin, since ether, which 
was used to extract unconjugated estrone and estradiol, 
does not extract estrogen conjugates. The limit of de- 
tection for both hormones was 3 pg per assay tube, and 
procedural losses were monitored by adding tritiated 
estrone and estradiol. The final mean recoveries for 
estrone and estradiol, including procedural losses, were 
63.3% + 1.7% and 79.4% + 1.1%, respectively. All re- 
sults were corrected for recovery. 

Plasma progesterone was determined by a specific 
and sensitive radioimmunoassay."* The antibody for 
progesterone did not show any significant cross-reac- 
tion with medroxyprogesterone acetate (Provera). Pro- 
cedural losses were monitored by the addition of tri- 
tiated progesterone. The final mean recovery, includ- 
ing extraction losses, was 73.2% + 2.5%. All results 
were corrected for procedural losses. 

To minimize variations in plasma gonadotropins and 
prolactin levels between individuals, these hormone 
values were normalized for each individual subject for 
each individual naloxone test to a mean basal level of 
100%, which was calculated from the three prenalox- 


one plasma levels. All gonadotropin and prolactin levels 
after the administration of naloxone were calculated 
against this mean basal level of 100% for each hormone 
measured. | 

Statistical analysis. The mean + SEM plasma hor- 
mone concentrations for follicle-stimulating hormone, 
luteinizing hormone, and prolactin after naloxone ad- 
ministration were compared to the mean of the three 
baseline levels for each of the respective hormones with 
use of both the Student’s nonpaired ¢ test and one-way 
analysis of variance. All p values were derived from a 
two-tailed table, and values of <0.05 were considered 
significant. n 


Results 


The mean + SEM of baseline plasma follicle-stim- 
ulating hormone, luteinizing hormone, prolactin, es- 
trone, estradiol, and progesterone levels in postmeno- 
pausal women with and without Premarin-Provera 
therapy are summarized in Table I. 

Plasma follicle-stimulating hormone and luteinizing 
hormone decreased significantly during koth the Prem- 
arin phase and Premarin-Provera phase of tke hor- 
mone replacement therapy compared to postmeno- 
pausal women with no treatment (p < 0.001). Both 
plasma estrone and estradiol increased significantly 
with Premarin therapy (p < 0.001), but plasma pro- 
gesterone did not increase with either the Premarin-or 


the Premarin-Provera phase of hormone replacement 


therapy in postmenopausal women. 

Follicle-stimulating hormone levels did not show any 
significant change compared to the baseline levels after 
administration of naloxone in postmenopausal women 
with hormone replacement therapy and during both 
the Premarin and the Premarin-Provera phases of hor- 
mone treatment (Fig. 1).. i 

Fig. 2 shows the mean + SEM plasma luteinizing 
hormone levels before (Basena) and after naloxon¢ 
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Controis vs. Premarin phase 


Controls vs. Premarin-Provera vs. Premarin- 
Premarin phase Provera phase 
p < 0.001 p < 0.001 NS 
p < 0.001 p < 0.001 NS 
NS NS NS 
p < 0.001 p < 0.001 NS 
p < 0.001 p < 0.001 NS 
NS NS NS ' 





administration in postmenopausal women with and 
without estrogen-progestin replacement therapy. In 
postmenopausal women not given an estrogen or a pro- 
gestin, naloxone did not induce any significant change 
in luteinizing hormone levels. Plasma luteinizing hor- 
mone levels increased significantly after giving nalox- 
one in postmenopausal women during both the Prem- 
arin and the Premarin-Provera phases of hormone 
treatment. 

Plasma prolactin levels did not show any naloxone- 
induced increase in all postmenopausal women with or 
without hormone replacement therapy (Fig. 3). 


Comment 


Our data clearly indicate that hypothalamic opioid 
activity is reduced in postmenopausal women, thus con- 
firming earlier reports.'* '* That the opioid control of 
pituitary gonadotropin secretion is decreased in the 
postmenopausal women is further supported by failure 
to reheve menopausal hot flushes with the opioid re- 
ceptor blocker naloxone.’ It appears that the rapid loss 
of hypothalamic opioid activity that occurs with acute 
estrogen deficit may be responsible for the hot flushes 
and may mediate many of the psychoemotional symp- 
toms of the menopause. 

In the present study we found that conjugated es- 
trogens (Premarin) inhibit luteinizing hormone secre- 
tion in postmenopausal women. This effect may be me- 
diated through opioid mechanisms, since naloxone has 
a stimulatory effect. Enhancement of opioid inhibition 
of luteinizing hormone could not be further poten- 
tiated when medroxyprogesterone acetate (Provera) 
was given together with the conjugated estrogens, 
which suggests that maximum opioid inhibition of lu- 
teinizing hormone secretion or maximum sensitivity to 
opioid neuromodulation was attained with daily ad- 
ministration of 0.625 mg of conjugated equine estro- 
gens. Therefore both estrogens and progestins such as 
medroxyprogesterone acetate may be acting at similar 
neuroanatomical sites to cause changes in hypothalamic 
opioid activity. Alternatively, estrogen feedback inhib- 
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itory mechanisms on pituitary gonadotropins may not 
involve opioids but rather a direct effect on pituitary 
gonadotropes. Although medroxyprogesterone ace- 
tate, 20 mg daily for 30 days, increased opioid inhibition 
of pituitary luteinizing hormone secretion," not all pro- 
gestins are pharmacologically identical with respect to 
their neuroendocrine effects. Furthermore, we used a 
smaller dose of medroxyprogesterone acetate for a 
shorter duration, which is more consistent with current 
regimens for sex hormone replacement therapy in 
postmenopausal women. 

Our finding that estrogens increased hypothalamic 
opioid activity in postmenopausal women without fur- 
ther enhancement when medroxyprogesterone acetate 
was added might appear initially to be paradoxical. 
However, decreased hypothalamic opioid activity in 
postmenopausal women’ together with the sensitivity 
of the hypothalamopituitary axis to estrogen could ac- 
count for our findings. The loss of opioid activity could 
be quickly and maximally restored by adequate in- 
creases of estrogen levels? or progestins such as large 
doses of medroxyprogesterone acetate given alone for 
up to 30 days. Thus if estrogen replacement rapidly 
stimulated maximum opioid. activity, addition of me- 
droxyprogesterone acetate could not further increase 
opioid inhibition of pituitary gonadotropin in the post- 
menopausal women. The gonadotropin inhibitory ef- 
fect of estrogen and progestin in postmenopausal 
women appears to be functionally coupled to the 
opioidergic system, probably through increased endog- 
enous gonadotropin-releasing hormone rather than 
any significant increased pituitary sensitivity. This 
mechanism may be similar to that suggested for men, 
in whom estrogens alone suppressed all features of lu- 
teinizing hormone pulse amplitude through opioid 
neuromodulation by increased gonadotropin-releasing 
hormone secretion.’ 

An interesting finding was that naloxone did not tn- 
duce prolactin release during either the estrogen or 
estrogen-progestin phases of hormone replacement in 
postmenopausal women, which does not support a re- 
cent report that naloxone stimulated prolactin release 
in oophorectomized women given Premarin and Prov- 
era. A higher dose of Premarin (1.25 mg) was used 
in oophorectomized women™ whereas we gave the 
usual dose of Premarin (0.625 mg) to both the oo- 
phorectomized and the natural menopause age groups 
at least 6 months or more after oophorectomy or meno- 
pause. Differences in the mode of giving naloxone 
(high-dose bolus versus low-dose infusion) are unlikely 
to account for the lack of a naloxone-induced prolactin 
release in the present study because naloxone-induced 
prolactin release under the influence of progesterone 
during the luteal phase of the normal menstrual cycle 
was first reported by us with use of a bolus of naloxone’ 
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Fig. 2. Mean + SEM plasma luteinizing hormone (LH) change from baseline (100%) after intra- 
venous naloxone in postmenopausal women given estrogen (Premarin)/progestin (Provera) hormone 
therapy {n = 6) and in those not given the therapy (n = 7). In untreated women there was no 
significant change in luteinizing hormone after naloxone administration. In treated women, during 
the Premarin phase of therapy there was a significant increase in luteinizing hormone above baseline 
levels as early as 30 minutes and remaining significantly elevated through 120 minutes after naloxone 
administration. During the Provera phase of Premarin-Provera administration, luteinizing hormone 
levels also increased significantly 30 through 90 minutes after naloxone administration but were not 
higher than during the Premarin phase of the treatment cycle. 


O NO TREATMENT 

© DURING PREMARIN PHASE OF 
TREATMENT (DAY 7-9) 

@ DURING PROVERA PHASE OF 
PREMAFIN-PROVERA 
TREATMENT (DAY 20-22) 


NALOXONE 
19 mg. I.V. 


| 


-e y m o e Eo a m m e e A a a a a a a E A A ii a n n R AA e i a O o 





PLASMA PROLACTIN (% OF BASELINE) 





90 
ol 
80 
70 
60 
-30 -15 O 15 30 45 60 90 120 150 180 
TIME (MIN) 


Fig. 3. Mean + SEM plasma prolactin (PRL) expressed as percent of baseline (100%) after 10 mg 
of intravenous naloxone in postmenopausal women receiving estrogen (Premarin)/progestin (Prov- 
era) therapy (n = 6) and in those not receiving therapy (n = 7). There was a trend toward a decrease 
in prolactin levels after naloxone administration in all women. 
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and subsequently confirmed by others who used intra- 
venous infusion. The absence of naloxone-induced 
prolactin release in postmenopausal women treated 
with estrogen-progestin therefore indicates that the 
naloxone-induced prolactin release during the luteal 
phase of the normal cycle is paradoxical but unique. 


We have postulated that in premenopausal women, the 
naloxone-induced prolactin release during the luteal 
phase could be due to opioid-induced diminished lac- 
totrope sensitivity to endogenous thyrotropin-releasing 
hormone under the influence of progesterone’ trrough 
increased B-endorphin levels. In contrast, progestin , 
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therapy in postmenopausal women might induce in- 
creased opioid receptor activity with no change in B- 
endorphin levels," leading to naloxone not having any 
stimulatory effect on prolactin release, but hypotha- 
lamic gonadotropin-releasing hormone would continue 
to be modulated by the opioidergic system. Alterna- 
tively, medroxyprogesterone acetate and progester- 
one have different pharmacologic effects on opioid 
activity. 

In conclusion, the postmenopausal women have re- 
duced hypothalamic opioid activity, which is restored 
with conjugated estrogen, 0.625 mg daily on days 1 to 
25, with medroxyprogesterone acetate, 10 mg daily on 
days 16 to 25 of each month. Although medroxypro- 
gesterone acetate in large doses (20 mg daily for 30 
days) by itself can also increase the opioid activity, it 
does not appear to further enhance the estrogen-in- 
duced opioidergic tonic inhibition of pituitary gonado- 
tropins as given in the present schedule. The opioid 
antagonist naloxone induced luteinizing hormone but 
not prolactin release under the influence of estrogen- 
progestin in the postmenopausal women in contrast to 
the naloxone-induced paradoxical release of prolactin 
in the luteal phase of premenopausal women. 


We thank Dr. David N. Pfohl of E. I. DuPont de 
Nemours & Co., Inc., for providing us with the nal- 
oxone used in this study. 
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Hormones and cervical ripening: Dehydroepiandrosterone 
sulfate, estradiol, estriol, and progesterone 


Laura J. Zuidema, M.D., Firyal Khan-Dawood, Ph.D., M. Yusoff Dawood, M.D., and 


Bruce A. Work, Jr., M.D. 
Chicago, Ilinois 


Fetal adrenal steroids have been shown to be important in the timing of pariurition. Since 
dehydroepiandrosterone sulfate is converted to estrogen, which is important in cervical softening, levels of 
dehydroepiandrosterone sulfate together with those of estradiol, estriol, and srogesterone were measured 
and compared in pregnant women undercoing induction of labor with ripe and unripe uterine cervices. 
While there were no differences between the levels of estradiol, estriol and progesterone in the two groups 
of women, dehydroepiandrosterone sulfate was significantly elevated in the group of women with ripe 
cervices. These findings suggest that cervical changes preceding the onset of labor are associated with a 
significant elevation of maternal dehydroepiandrosterone sulfate levels, Changes in maternal plasma 
estradiol, estriol, and progesterone levels do not appear to be clinically related to cervical ripeness. (Am J 


Osster GYNECOL 1986;155:1252-4.) 


Key words: Dehydroepiandrosterone sulfate, cervical ripening 


Fetal adrenal steroids have been shown to be one of 
the important determinants in the timing of parturi- 
tion. The adrenal steroid dehydroepiandrosterone sul- 
fate (DHEAS) has recently been shown to increase dur- 
ing fetal life in rhesus monkeys with an accelerated rise 
before parturition.’ DHEAS of maternal and fetal or- 
igin is converted to estrogen,* which has been shown 
to promote cervical softening.* Consequently, DHEAS 
levels may be associated with the state of cervical soft- 
ening and the inducibility of labor. It was of interest 
therefore to measure and compare plasma DHEAS 
levels in pregnant women undergoing induction of la- 
bor with ripe and unripe uterine cervices. 


Material and methods 


The study consisted of 18 women with gestational 
ages ranging from 36 to 42 weeks undergoing induc- 
tion of labor for various indications, including chronic 
hypertension, diabetes, pregnancy-induced hyperten- 
sion, and postdatism. The parity of the women ranged 
from zero to 10. A cervical Bishop score’ was deter- 
mined before induction of labor. Group 1 (n = 9) con- 
sisted of women with a cervical Bishop score of <4. 
Group 2 (n = 9) consisted of women with a cervical 
Bishop score >4. Maternal peripheral venous blood 
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samples were obtained just before the beginning of 
induction of labor and placed in heparinized Vacu- 
tainer blood collection tubes. The samples were im- 
mediately centrifuged. The plasma was removed and 
stored at — 20° C until assayed for progesterone, estriol, 
estradiol, and DHEAS by specific radioimmunoassays. 

Progesterone. Progesterone was measured by a spe- 
cific radioimmunoassay,” ê as modified in our labora- 
tory.” A total of 100 pl of plasma was extracted twice 
with 10 times the volume of anhydrous ethyl ether. 
The dried extract was dissolved in phosphate buffer, 
pH 7.2, and aliquots were taken for asszy. The anti- 
body used was raised in rabbits immunized against 
progesterone-11-oxime—bovine serum albumin conju- 
gate. The antiserum showed insignificant cross-reac- 
tion with 17a-hydroxyprogesterone and 20a-hydroxy- 
progesterone.’ The radioactive ligand was 1,2,6,7- 
°H(N progesterone (specific activity 80 to 100 Ci/mmol, 
Amersham). Recovery of the plasma steroid was mon- 
itored by the addition of an internal radioactive stan- 
dard. The sensitivity of the assay was 5 pg per assay 
tube. All plasma progesterone levels were corrected for 
recovery. 

Estradiol. Plasma unconjugated estradiol level was 
measured by a specific and sensitive radio1rmmunoassay 
as previously described? with an antiserum raised in 
rabbits immunized against estradiol-6-oxime conju- 
gated to bovine serum albumin. The antiserum showed 
<1% cross-reaction with estrone and estriol. A total of 
100 wl of plasma was extracted with diethyl ether and 
aliquots of the dried extract suspended in phosphate 
buffer were taken for assay. The radioactive ligand was 
2,4,6,7°H(N) estradiol and recovery was monitored by 
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the addition of titrated estradiol to the plasma before 
extraction. 

Estriol. Plasma unconjugated estriol was measured 
with an estriol radioimmunoassay kit from Radioassay 
Systems Laboratories Ltd. Plasma was extracted with 
ethyl acetatehexane (3:2 by volume) and aliquots of the 
dried extract suspended in buffer were taken for assay. 
The antiserum had <0.01% cross-reaction with estrone 
and estradiol and the sensitivity of the assay was 10 pg 
per tube. 

DHEAS. Plasma DHEAS was measured with the use 
of the radioimmunoassay kit obtained from Radio- 
assay Systems Laboratory. Diluted plasma samples 
(1:4000) were assayed without extraction. The anti- 
serum showed 100% cross-reaction with dehydroep- 
iandrosterone (DHA) and the sensitivity of the assay 
was 10 pg per tube. 

Statistical analysis. Comparisons of the hormone 
levels between the women with ripe and unripe cervices 
were analyzed for statistical significance with the use of 
Student’s ¢ test. A probability level of <0.05 indicated 
statistical significance. 


Results 


The mean + SEM age of women in group 1 was 
22.1 + 2.2 years, while that of women in group 2 was 
25.8 + 3.4, respectively (not significant). There was no 
difference between the gestational ages of groups 1 and 
2 (40.3 + 0.8 and 39.1 + 0.65).. The mean parity of 
group | was zero compared with a mean parity of 
9.11 + 1.24 for the group with favorable cervices, but 
this was not significantly different. DHEAS was, how- 
ever, found to be significantly higher in women with 
ripe cervices (41.1 + 94.25 ng/ml) than in women 
with unripe cervices (1778 + 28.3 ng/ml, p < 0.025) 
(Fig. 1). The mean + SEM plasma estriol, estradiol, 
and progesterone levels in group 1 were 12.1 + 1.1 

pg/ml, 22.4 + 2.3 ng/ml, and 219.9 + 17 ng/ml, re- 
spectively. These were not significantly different from 
those of group 2, which were 13.9 + 1.9 ng/ml, 
23.6 + 2.3 ng/ml, and 210. 3 + 18.4 ng/ml, respec- 
tively. 


Comment 


The exact mechanism of the onset of labor remains 
to be determined, but softening and dilation of the 
cervix together with uterine contractions are necessary 
for human parturition. The maternal DHEAS levels 
found in the present study are lower than those re- 
ported by Buster and Abraham? in 1972. These dif- 
ferences could be due to the more highly specific ra- 
dioimmunoassay antisera for DHEAS used in this study 
compared with those generated in the original radio- 
immunoassay reports. On the other hand, our radio- 
immunoassay levels are higher than those reported by 
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Fig. 1. DHEAS levels compared with the condition of the 
cervix. 


Rivarola et al.,'° who used the double-isotope—deriva- 
tive method in their study published in 1968. In this 
study, we found that significantly higher maternal 
plasma DHEAS levels are associated with a ripe or more 
favorable cervix as reflected by the Bishop score. Al- 
though such associations do not always indicate a cause- 
and-effect relationship, previous observations suggest 
that DHEAS can ripen the cervix. Mochizuki et al., 
using DHEAS loading in pregnant women as a test of 
the fetoplacental unit, reported that DHEAS ripened 
the cervix in late pregnancy and stimulated the onset 
of labor. Sasaki et al.? confirmed the effectiveness of 
DHEAS as a ripening agent by infusing it intravenously 
into patients with unripe cervices. Saito et al., in ex- 
amining the softening effects of multiple drugs on the 
rat uterine cervix, also found an increase in the wet 
weight of the cervix after administration of DHEAS. 

~ Fetal adrenal steroids play a key role in the onset of 
parturition in many mammalian species. Recently, 
Seron-Ferre et al.! and Walsh et al. have shown an 
increase in DHEAS levels during fetal life in rhesus 
monkeys with a sharp rise occurring near term. How- 
ever, the role of adrenal steroids in the onset of par- 
turition in humans is less certain. Human umbilical 
cord DHEAS levels in babies delivered vaginally were 
found to be significantly higher than levels in those 
delivered by cesarean section before labor started.’ It 
was suggested that the major increase in DHEAS oc- 
curred during the first stage of labor, rather than before 
labor, and was related to the stress of labor. Parker 
et al.’° found no difference in DHEAS levels when com- 
paring vaginal delivery with delivery by cesarean sec- 
tion, with and without labor. They also showed that 
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mean umbilical cord plasma DHEAS levels remained 
steady from 18 to 32 weeks’ gestation and increased 
thereafter until 40 weeks’ gestation. 

The exact role of DHEAS in the onset of human 
labor remains to be determined. Perhaps its role is more 
in the way it influences the cervix than in the actual 
triggering of labor. Saito et al.” postulated that the 
effect of DHEAS on the cervix might be due to the 
secondary increase of estrogen, which then would ripen 
the cervix. In this study we could not demonstrate a 
difference in the levels of estriol or estradiol in the two 
groups of patients. Cervical changes preceding the on- 
set of labor were associated with elevations in DHEAS. 
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Subclinical abnormalities of glucose metabolism in subjects 
with previous gestational diabetes 


Patrick M. Catalano, M.D., Ira M. Bernstein, M.D., Robert R. Wolfe, Ph.D., 
S. Srikanta, M.D., Elaine Tyzbir, M.S., and Ethan A. H. Sims, M.D. 
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To investigate whether there are subclinical abnormalities of glucose metabolism in women with previous 
gestational diabetes that are consistent with a high incidence of diabetes mellitus in later life, eight patients 
with previous gestational diabetes and normal oral glucose tolerance were evaluated by means of body 
composition studies, intravenous glucose tolerance tests, and the hyperinsulinemic-euglycemic clamp 
coupled with 6-6 dideuterated glucose infusion, indirect calorimetry, and measurement of islet cell 
antibodies. Eight control subjects were matched for percent body fat and diet and studied in a similar 
fashion. Abnormalities of insulin response and insulin resistance were present in four (50%) of patients 
with previous gestational diabetes. Insulin resistance was significantly greater in the patients than in the 
contro! subjects. When compared with lean patients, obese patients with previous gestational diabetes had 
significantly greater insulin response to the intravenous glucose tolerance test and insulin resistance. 
These changes are consistent with reported findings of an early and progressive development of overt 
diabetes in patients who had gestational diabetes. (Am J OBsTET GYNECOL 1986;155:1255-62.) 


Key words: Gestational diabetes, insulin resistance 


Gestational diabetes, defined as abnormal glucose tol- 
erance during pregnancy,’ occurs in 3% of all preg- 


nancies and represents 80% of all diabetic pregnancies.” 


This segment of the obstetric population is at increased 
risk for both maternal and fetal complications.’ Ges- 
tational diabetes not only is a risk factor during the 
index pregnancy but also clearly may be the harbinger 
of abnormal glucose metabolism in later life. O’Sulli- 
van’s* 15-year follow-up study of women with previous 
gestational diabetes showed that the incidence of dia- 
betes was 47% in the overweight women and 26% in 
women of normal weight. The incidence of diabetes in 
a control population with normal oral glucose tolerance 
test results during pregnancy increased after only 10 
years; it was 4% in the obese women and 2% in the 
normal-weight women. The primary goal of this study 
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was to investigate whether any subclinical abnormalities 
of glucose metabolism exist in individuals with previous 
gestational diabetes and with normal oral glucose tol- 
erance test results that are consistent with the high in- 
cidence of frank diabetes in later life. 

Insulin resistance occurs in both lean and obese sub- 
jects with non—insulin-dependent (type II) diabetes 
mellitus.» Therefore we have used the hyperinsulin- 
emic-euglycemic clamp to estimate whether patients 
with previous gestational diabetes, when matched for 
diet and percent body fat with control subjects, have 
greater insulin resistance than can be found in women 
with comparable degrees of obesity. Our second goal 
was to compare both lean and obese patients with pre- 
vious gestational diabetes to determine whether dif- 
ferences exist in: (1) insulin response to a glucose 
challenge, (2) insulin resistance, as estimated by glu- 
cose infusion during the hyperinsulinemic-euglycemic 
clamp, (3) endogenous glucose production during a 
fasting period, and (4) the route of glucose disposal, 
that is, oxidative versus nonoxidative. 


Methods 


Subjects. Twelve women with gestational diabetes® 
during their most recent pregnancy were evaluated by 
an oral glucose tolerance test.” Four asymptomatic 
women had a frankly abnormal oral glucose tolerance 
test result and were not studied further. Age, gravidity, 
parity, months post partum, and family history of di- 
abetes are shown in Table I. None of the subjects were 
breast-feeding or using oral contraceptives at the time 
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Table I. Characteristics of women with previous gestational diabetes 












Gravidity 
and 


Subjects parity 





Obese 
l 34 GIP] 
2 38 G4P4 
3 28 G2P1 
4 32 G3P3 

Mean + SD 33 + 4.2 

Lean oo 
5 38 G7P3 
6 32 G2P2 
7 40 G2P1 
8 30 G2P1 

Mean + SD 35 + 4.3 

p Value NS 


of study and all were in good health, except for one 
subject with mild hypertension whe discontinued her 
medication 3 days before study. Eight additional sub- 
jects with normal oral glucose tolerance test results and 
no known risk factors for diabetes were matched for 
dietary intake and percent body fat with the study sub- 
jects to serve as a control group for the effects of diet 
and obesity on insulin resistance. Three of these women 
had documented normal oral glucose tolerance test re- 
sults during a recent pregnancy. 

Experimental protocol. After informed consent was 
obtained and the study was approved bv the Committee 
on Human Research, all subjects were instructed in a 
weight-maintaining diet for 2 weeks before admission 
to the General Clinical Research Center. On the day of 
admission a history (including family history) was 
taken, and a complete physical examination was per- 
formed. The following studies were sequentially per- 
formed during the 3-day protocol: day 1, laboratory 
studies and oral glucose tolerance test; day 2, body. 
composition study and intravenous glucose tolerance 
test; day 3, use of the hyperinsulinemic-euglycemic 
clamp coupled with estimation of endogenous glucose 
production and indirect calorimetry to estimate the 
route of glucose disposal. 

6-6 Dideuterated glucose infusion, hyperinsulinemic aie. 
cemic clamp, and indirect calorimetry. The specific meth- 
odology used was described by Bogardus et al.” and 
Ravussin et al.® Endogenous glucose production, pre- 
sumably mainly hepatic, during a 35-hour basal period 
was estimated by infusion of 6-6 dideuterated glucose 
(KOR Isotopes, Cambridge, Massachusetts). This was 
calculated according to the steady-state equations of 
Steele.” We estimated endogenous glucose production 
during the hyperinsulinemic-euglycemic clamp by use 
of the non—steady-state equations of Steele,’ assuming 
a glucose distribution volume of 40 ml/kg of body 
weight.” Estimates of endogenous glucose production 


_ Months post partum 






Family history 
of diabetes 






Age at onset 





27 + >25 
54 + >25 
5 + >25 
5 + >95 
22.8 + 23.2 
9 + >95 
6 + >35 
1} + > and <25 
15 + >75 
10.2 + 3.8 
NS 


resulted in negative values on occasion. Hence we as- 
sumed as have others"! that the elevated insulin con- 
centrations during use of the hyperinsulinemic-eugly- 
cemic clamp almost completely suppress endogenous 
glucose production in these relatively normal subjects. 

The hyperinsulinemic-euglycemic clamp involves a 
primed continuous infusion of insulin to achieve a high 
physiologic level of insulin (100 U/ml). A variable in- 
fusion of 20% glucose is adjusted, on the basis of plasma 
glucose samples drawn every 5 minutes, to maintain 
(clamp) plasma glucose levels at 90 mg/dl (euglycemia). 
The rate of glucose infusion (M value), during the last 
40 minutes of a 2-hour infusion is then taken as an 
estimate of peripheral insulin resistance. With the as- 
sumed suppression of endogenous glucose production, 
the rate of infused glucose represents the rate of glu- 
cose disposal. The lower the rate of glucose infusion, 
the greater the estimate of insulin resistance. The 
greater the rate of glucose infusion, the less the insulin 
resistance. l 

The route of glucose disposal, that is, oxidative versus 
nonoxidative glucose metabolism, was estimated by in- 
direct calorimetry during the basal period and during 
the use of the hyperinsulinemic-euglycemic clamp, by 
analysis of expired oxygen and carbon dioxide. Oxi- 
dative glucose metabolism is an estimate of the amount 
of glucose being used for actual energy requirements. 
Nonoxidative glucose disposal is assumed to be: (1) pri- 
marily glucose storage as glycogen, (2) conversion of 
glucose to intermediate three-carbon units, for in- 
stance, the Cori cycle, and (3) a small amount of glucose 
that may represent direct lipogenesis.” The results are 
expressed as milligram per kilogram of fat-free mass 
per minute (+SD). 

Latoratory studies and body composition. Serum choles- 
terol and triglycerides T3, T4, and T7 and glycosylated 
hemoglobin A, were measured. Islet cell antibodies 
were measured by the protein A~monoclonal antibody 
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technique.’* Insulin concentrations were measured by 
radioimmunoassay by the method of Starr and Rub- 
enstein.'* The plasma glucose concentrations were de- 
termined by the glucose oxidase method with a Yellow 
Springs glucose analyzer. The percent body fat of each 
subject was estimated by underwater weighing with si- 
multaneous measurement of residual air by the helium 
method.’ 

Oral glucose tolerance test and intravenous glucose toler- 
ance test. All subjects were given a 75 gm oral glucose 
tolerance test as defined by the National Diabetes Data 
Group.’ For the intravenous glucose tolerance test, a 
25 gm intravenous bolus of glucose was administered 
during 3 minutes and samples for glucose and insulin 
were obtained at — 15, 1, 3, 4, 5, 6, 10, 15, 30, 45, and 
60 minutes after the start of the infusion. The K value, 
which’‘is the rate of glucose disappearance from the 
circulation, was estimated according to the method of 
O’Sullivan et al. The first-phase insulin response was 
estimated by measuring the area under the insulin 
curve from 0 to 6 minutes and the second phase by 
measuring the area under the curve from 6 to 60 min- 
utes. Total insulin response was taken as the area under 
the curve from 0 to 560 minutes. 

Paired Student’s ¢ tests were used to assess the dif- 
ferences between patients with previous gestational di- 
abetes matched with control subjects for diet and per- 
cent body fat. Unpaired Student’s ¢ tests were used to 
detect differences between lean and obese gestational 
diabetic patients. Linear regression analysis was used 
to evaluate the correlation coefficients between two 
variables. Probability levels of <0.05 were considered 
significant. 


Results 


Patients with previous gestational diabetes. With the 
exception of obesity in four subjects, all patients with 
previous gestational diabetes had a normal general 
physical examination and normal fasting serum cho- 
lesterol levels, thyroid function studies, and glyco- 
sylated hemoglobin A, levels. Five subjects had com- 
pletely normal oral glucose tolerance test results ac- 
cording to the National Diabetes Data Group criteria.’ 
Three subjects (Nos. 2, 3, and 6) had 2-hour oral glu- 
cose tolerance values of between 153 and 164 mg/dl 
(venous plasma). All fasting glucose concentrations and 
l-hour glucose values, however, were within normal 
limits. Hence these subjects would also be classified as 
having normal rather than impaired oral glucose tol- 
erance. One subject (No. 1) had a mildly elevated fast- 
ing serum triglyceride level of 234 mg/dl (normal 41 
to 194 mg/dl). 

Subclinical metabolic defects. In Table II are listed 
the results of the body composition studies, intravenous 
glucose tolerance tests, and islet cell antibody studies. 
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Subject No. 4 had an elevated fasting insulin level and 
Subjects Nos. 2, 3, and 6 had abnormal rates of glucose 
disappearance from the circulation (K value) during 
the intravenous glucose tolerance test. 

In Table III are the results of the hyperinsulinemic- 
euglycemic clamp studies coupled with 6-6 dideuter- 
ated glucose infusion and indirect calorimetry. Subject 
No. 3 had an increased endogenous glucose production 
of 4.58 mg/kg of fat-free mass per minute. Insulin re- 
sistance, as estimated by the glucose infusion rate dur- 
ing the hyperinsulinemic-euglycemic clamp, was in- 
creased in Subjects No. 2, 3, and 4 who were also obese 
and Subject No. 8 who was lean. 

Glucose infusion rates in nondiabetic women of re- 
productive age at the University of Vermont averaged 
7.60 + 2.56 mg/kg of fat-free mass per minute. These 
normative data are based on hyperinsulinemic-eugly- 
cemic clamp studies in 13 women (11 parous, two nul- 
liparous). The mean percent body fat in this population 
was 26.7 + 7.53. We have therefore considered norma! 
glucose infusion rates to be greater than 5 mg/kg of 
fat-free mass per minute. Thus subclinical metabolic 
abnormalities of insulin response and insulin resistance 
were present in 50% (four of eight) of women with 
previous gestational diabetes when evaluated by de- 
tailed metabolic techniques. Four women with previous 
gestational diabetes had evidence of increased insulin 
resistance, while one had an elevated fasting insulin 
level as well as evidence of increased insulin resistance. 

Women with previous gestational diabetes versus 
control subjects matched for percent body fat. The 
characteristics of our patients with previous gestational 
diabetes and control subjects are shown in Table IV. 
Control subjects were matched to within 5% of the body 
fat of our study population and had similar diets. When 
the subjects in each group were matched for percent 
body fat and compared by means of paired Student’s 
t test, there was a significant difference in insulin re- 
sistance and nonoxidative gucose disposal at the 
p < 0.05 level. 

When the results of the oral glucose tolerance test 
were compared, the patients with previous gestational 
diabetes had a significantly greater plasma glucose con- 
centration during the third hour in comparison with 
that of matched control subjects (p < 0.02). There were 
no significant differences in the fasting or l- and 2- 
hour glucose concentrations.. There were no differ- 
ences in age, percent body fat, fasting insulin levels, or 
oxidative glucose disposal between the two groups. Five 
of the control subjects had basal endogenous glucose 
production estimated. There was no significant differ- 
ence in basal endogenous glucose production between 
these five subjects and matched women with previous 
gestational diabetes. There were also no significant dif- 
ferences in first-phase, second-phase, or total insulin 
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Table II. Results of body composition, intravenous glucose tolerance tests, and islet cell antibody stucies 
in women with previous gestational diabetes 





Obese 

] 1.57 

2 1.65 

3 1.54 

4 1.73 
Mean + SD 1.62 + 0.09 
Lean 

5 1.58 

6 1.58 

7 1.66 

8 1.77 
Mean + SD 1.66 + 0.09 
p Value ' NS 


Percent 
Height (m) Weight (kg) body fat 


60.8 33 
69.6 28 
77.8 38 
89.3 38 
74.4 + 12.1 34.2 + 4.8 
50.7 21 
50.5 18 
65.2 20 
64.4 22 
57.7 + 8.2 20.2 + 1.7 
NS p < 0.002 





Fasting insulin 
(Uim) 
(normal < 20 Ulimi) 





Fasting glucose 
(mg/dl) 












2.4 96 
5.4 108 
13.9 107 
23.5 104 
11.3 + 9.5 104 + 5.0 
3.2 96 
3.2 105 
2.5 IlI 
6.7 88 
3:94 1.9 100 + 19 
NS NS 


Table III. Results of the hyperinsulinemic-euglycemic clamp, 6-6 dideuterated glucose infusion, and 
indirect calorimetry studies in women with previous gestational diabetes 


Glucose infusion during 


hyperinsulinemic- Serum insulin during Glucose oxidation during 








Basal endogenous euglycemic clamp hyperinsulinemic- basa: period 
glucose production (M value) euglycemic clamp 
Subjects (mglkg > FFM¢/snin)} (mglkg - FFM/min) (U/ml) % 
Obese 
l , 2.64 6.75 60.7 1.59 60 
2 2.38 3.64 61.8 2.13 90 
3 4.58 4.64 77.7 2.57 56 
4 2.79 3.96 104.7 1.37 49 
Mean + SD 3.1 + 1.0 4.75 + 1.4 76.2 + 20.5 1.92 + 0.54 64 
Lean 
5 2.57 9.24 94.4 1.65 64 
6 3.54 7.66 81.9 1.90 54 
7 2.53 8.30 100.4 0.82 32 
8 3.93 5.04 131.2 0.90 23 
Mean + SD 3.14 + 0.7 7.56 + 1.8 101.9 + 20.9 1.32 + 054 43 
p Value NS p< 0,05 NS NS 


FFM = Fat-free mass. 


Table IV. Comparison of age, fasting insulin levels, hyperinsulinemic-euglycemic clamp studies, and 
indirect calorimetry studies between women with previous gestational diabetes and control subjects 


matched for percent body fat 


Subject pair (gestational 
diabetes/control) 


. E.C./K.M. 
, L.D/D.R. 
. C.M./}J.B. 
. E.Q./M.L. 
_ S.A/B.S. 

. M.W./N.D. 
_ N.R./D.G. 
_ K.B./L.G. 


Mean + SD 
p Value (paired ¢ test) 


OO “I GIR OO ND mes 


Age (yr) 


34/25 
38/29 
28/33 
38/22 
40/30 
32/22 
30/25 
32/44 


34 + 4.3/28.7 + 7.2 


NS 





33/32 
28/24 
38/39 
21/22 
20/22 
18/13 
22/23 
38/39 


27.2 + 8.2/26 
NS 


Percent body fat 


8+ 9.1 


Fasting inrulin level 
(nUml) 


2.4/2.0 
5.4/9.2 
13.9/9.1 
3.2/4.9 
2.5/5.0 
3.2/4.5 
6.7/6.6 
23.5/12.9 


7.6 + 7.5/6.8 + 3.4 
NS 








FFM = Fat-free mass. 
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Insulin release during intravenous glucose tolerance tests (uU/ml xX 10°) 
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K value 

5.80 17.40 23.26 2.50 
1.35 16.85 17.83 0.69 
2.50 23.68 26.18 1.20 
1.14 21.03 22.14 1.24 

2.70 + 2.15 19.74 + 3.22 22.35 + 3.46 141 + 0.8 
1.30 14.62 15.88 1.26 
1.02 6.96 7.94 1.12 
1.31 11.42 12.67 1.92 
1.67 16.43 18.11 1.50 

1.33 + 0.27 12.36 + 4.15 13.65 + 4.41 1.45 + 0.4 
NS p < 0.05 p < 0.02 NS 


Glucose oxidation during 
hyperinsulinemic-euglycemic clamp 


mglkg + FFM/min 


2.81 
3.28 
3.93 
3.27 
3.32 + 0.46 


4.06 
5.16 
3.28 
3.34 
3.96 + 0.87 


NS 


Glucose infusion during 
hyperinsulinemic-euglycemic 
clamp (M value) 
(mglkg >- FFM/min) 


6.75/7.80 
3,64/6.54 
4.64/7.70 
9.24/13.08 
8.30/9.42 
7.66/5.89 
5.04/9.83 
3.96/3.80 


6.15 + 2.1/8.01 + 2.8 
p < 0.05 





Islet cell 


antibodies 


Negative 
Negative 
Negative 
Negative 


Negative 
Negative 
Negative 
Negative 


Nonoxidative glucose metabolism during 


hyperinsultnemic-euglycemic clamp 





42 
90 
84 
82 
74 


44 
67 
43 
66 
55 


Glucose oxidation during 


hyperinsulinemic-euglycemic 
clamp (mglkg - FFM/min) 


2.81/2.82 
3.28/2.06 
3.93/3.79 
4.06/4.39 
3.28/3.82 
5.16/4.86 
3.34/4.50 
3.27/2.96 


3.64 + 0.7/3.65 + 0.9 
NS 


3.94 
0.36 
0.71 
0.70 
1.43 + 1.68 


5.18 
2.50 
4.42 
1.70 
3.45 + 1.62 


NS 


% 


58 
10 
16 
18 
26 


56 
33 
57 
34 
45 


Nonoxidative glucose metabolism during 


hyperinsulinemtc-euglycemic clamp 
(mglkg - FFM/min) 


3.94/4.98 
0.36/4.48 
0.71/3.91 
5.18/8.69 
4.42/5.60 
2.50/1.03 
1.70/5.33 
0.70/0.84 


2.44 + 1.9/4.36 + 2.5 


p < 0.05 
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Fig. 1. Relationship between percent body fat and total insulin response to the intravenous glucose 
tolerance test ({VGTT) in women with previous gestational diabetes (r = 0.90, p < 0.01). 


response to the intravenous glucose tolerance tests be- 
tween the matched lean women with previous gesta- 
tional diabetes and lean control subjects. 

Obese versus lean women with previous gestational 
diabetes. As one would expect, there were significant 
differences in insulin response during the intravenous 
glucose tolerance test and in insulin resistance between 
lean and obese women with previous gestational dia- 
betes. We defined obesity in women as >25% of total 
body weight as fat. As can be seen in Table II, four 
women with previous gestational diabetes were clearly 
obese and four were lean. There were no significant 
differences in age, months post partum (Table I), or 
fasting plasma glucose levels (Table IT) between lean 
and obese women with previous gestational diabetes. 
There was no significant difference in fasting insulin 
concentration between lean and obese women with pre- 
vious gestational diabetes. There was, however, the ex- 
pected strong correlation (r = 0.74, p < 0.05) between 
percent body fat and fasting insulin level. There was a 
significant difference in the second-phase (6 to 60 min- 
utes) and total insulin (0 to 60 minutes) response be- 
tween lean and obese women with previous gestational 
diabetes (Table II). There was also a strong correlation 
(r = 0.90, p < 0.01), as shown in Fig. 1, between per- 
cent body fat and total insulin response during the 
intravenous glucose tolerance test. 

In Table III are the results of the hyperinsulinemic- 
euglycemic clamp coupled with 6-6 dideuterated glu- 
cose infusion and indirect calorimetry. There were no 
differences between lean and obese women with pre- 
vious gestational diabetes in endogenous glucose pro- 
duction during the basal period. Insulin resistance was 
significantly greater (p < 0.05) in obese as compared 
with lean women with previous gestational diabetes. 
There were no significant differences in measured in- 


sulin concentration during use of the hyperinsulinemic- 
euglycemic clamps between the two groups. 

There were no differences in oxidative or nonoxi- 
dative glucose metabolic rates between lean and obese 
women with previous gestational diabetes. Women with 
previous gestational diabetes with increased insulin re- 
sistance, however, had lower values for nonoxidative 
glucose disposal in comparison with women with pre- 
vious gestational diabetes with less insulin resistance. 
Linear regression analysis was performed and the re- 
sults are shown in Fig. 2. There was a strong correlation 
(r = 0.94, p< 0.01) between insulin resistance and 
nonoxidative glucose disposal during use of the hy- 
perinsulinemic-euglycemic clamp. Insulin resistance 
was not significantly correlated with either total insulin 
release during the intravenous glucose tolerance test 
(r = — 0.58, p = 0.13) or percent body fat (r = — 9.67, 
p = 0.08). Hence, when compared with the lean 
women, the obese women with previous gestational di- 
abetes had a greater insulin response during an intra- 
venous glucose tolerance test and insulin resistance also 
was significantly greater in the obese women. 


Comment 


The primary goal of this study was to investigate 
whether subclinical metabolic abnormalities persist in 
women with previous gestational diabetes. Abnormal- 
ities of insulin response and insulin resistance exist in 
50% ‘four of eight) of women with previous gestational 
diabetes when evaluated by the detailed metabolic stud- 
ies described above. These findings are consistent with 
the almost linear progression of frank diabetes in the 
15-year follow-up studies of O’Sullivan.* 

There are many factors that contribute to insulin 
resistance, such as diet, level of activity, and obesity. 
When we compared our women with previous gesta- 
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Non-Oxidative Glucose Disposal 
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Fig. 2. Relationship between insulin resistance as estimated by glucose infusion (measured as mil- 
ligrams per kilogram of fat-free mass per minute, mgikg : FFMimin) and nonoxidative glucose dis- 
posal (mg/kg: FFM/min) during the hyperinsulinemic-euglycemic clamp (HI-EC) in women with 


previous gestational diabetes (r = 


tional diabetes with control subjects matched for diet 
and percent body fat, we found a significant difference 
in insulin resistance with paired Student's ¢ test. Ward 
et al. in Porte’s laboratory, also found evidence of 
increased insulin resistance in women with previous 
gestational diabetes when compared with control sub- 
jects matched for percent ideal body weight by means 
of the Bergman intravenous glucose minimal model 
technique. Estimates of insulin resistance in subjects 
with normal oral glucose tolerance test results by the 
minimal model technique, however, have recently been 
questioned by Donner et al.” when compared with es- 
timates of insulin resistance by use of the hyperinsu- 
linemic-euglycemic clamp. Our findings are consistent 
with those of Ward et al,'6 

This study also supports the concept of differences 
in metabolic abnormalities found in lean and obese 
women with previous gestational diabetes. Recently, 
Cheney et al.* found differences in the pathophysio- 
logic characteristics of gestational diabetes in lean and 
obese women during pregnancy. Lean women with ges- 
tational diabetes appeared to develop glucose intoler- 
ance on the basis of relative insulin deficiency, as in- 
dicated by a decreased insulin response to a meal tol- 
erance test, while obese women with gestational 
diabetes were characterized by elevated fasting insulin 
plasma concentrations as well as an elevated insulin 
response to a meal tolerance test. Our lean women with 
previous gestational diabetes had a significantly lower 
insulin response to the intravenous glucose tolerance 
test when compared with obese women with previous 
gestational diabetes, although none had detectable islet 
cell antibodies. Our obese women with previous ges- 


0.94, p < 0.01). 


tational diabetes also had a significantly increased in- 
sulin resistance in comparison with that of the lean 
women. | 

In contrast, Ryan et al., using the hyperinsulinemic- 
euglycemic clamp technique, found no correlation, 
during the latter half of gestation in women with ges- 
tational diabetes, between insulin resistance and per- 
cent ideal body weight. In view of the variation in length 
of gestation and uncertainty as to body composition, it 
is difficult to interpret these data. Furthermore, insulin 
resistance in two women with gestational diabetes stud- 
ied post partum did not significantly differ from esti- 
mates of insulin resistance in their nondiabetic, non- 
pregnant group. In our study population there was the 
expected difference in insulin resistance between lean 
and obese women with previous gestational diabetes. 
There was also a significant correlation between the 
degree of obesity and insulin response to intravenous 
glucose. In our control group, however, there was no 
significant difference in insulin resistance between lean 
and obese subjects (t = 1.78, p < 0.10, unpaired ¢ test) 
nor was there any significant correlation between obe- 
sity and fasting insulin level (r = 0. 54, p > 0.05). This 
may be due to the great variability in insulin resistance 
in control subjects or the small number of subjects eval- 
uated, or it may reflect intririsic metabolic abnormalities 
in women with gestational diabetes. In order to rec- 
oncile these differences, longitudinal prospective stud- 
ies of insulin resistance before conception and during 
gestation in both lean and obese women with gestational 
diabetes and matched control subjects are needed. 

There was a strong correlation (r = 0.94) between 
insulin resistance and the nonoxidative glucose disposal 
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in women with previous gestational diabetes. Oxidative 
glucose metabolism was relatively constant in all our 
study subjects (milligrams per kilogram of fat-free mass 
per minute). In those subjects with increased insulin 
resistance, nonoxidative glucose metabolism was de- 
creased as has been demonstrated in subjects with non— 
insulin-dependent diabetes mellitus.” Ravussin et al.® 
hypothesized, in subjects with increased insulin resis- 
tance, that the decrease in nonoxidative glucose me- 
tabolism was secondary to suppression of hepatic glu- 
coneogenesis and lower storage rates of glucose as gly- 
cogen. During gestation, the effect of decreased 
nonoxidative glucose disposal (primarily lower rates of 
glucose storage as glycogen) in women with gestational 
diabetes may result in increased glucose availability for 
placental transport to the fetus. Further studies to eval- 
uate the effects of increased insulin resistance on the 
route of glucose disposal during gestation are also 
needed. 

In summary, when compared with control subjects 
and matched for diet and percent body fat, many 
women with previous gestational diabetes have subclin- 
ical defects in glucose metabolism and increased insulin 
resistance. There are significant differences in insulin 
response and insulin resistance between lean and obese 
women with previous gestational diabetes. The results 
of this study emphasize the need for close follow-up of 
women who had gestational diabetes. Since these 
women often have increased insulin resistance, there is 
an opportunity to stimulate these patients to start pre- 
ventive measures such as diet, exercise, and attainment 
of ideal body weight in their long-term management. 
Nonpharmacologic intervention is apt to be more suc- 
cessful in a younger, motivated population than hife- 
style changes later in life. 
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IN BRIEF: ; 

TRIPHASIL®—6 brown tablets containing 0.050 mg levonorgestrel with 0.030 mg ethinyl estradiol; 5 white tablets 
containing 0.075 mg levonorgestrel with 0.040 mg ethinyl estradiol; 10 light-yellow tablets containing 0.125 mg 
levonorgestrel with 0.030 mg ethinyl estradiol (7 light-green tablets containing inert ingredients are included in the 
28-day regimen)—Triphasic regimen. 
Indications and Usage—TRIPHASIL® is indicated for the prevention of pregnancy in women who elect to use oral 
contraceptives (OC's) as a method of contraception. 

Contraindications—OC's should not be used in women with any of the following conditions: 1. Thrombophiebitis 
or thromboembolic disorders. 2. A past history of deep-vein thrombophlebitis or thromboembolic disorders. 

3. Cerebral-vascular or coronary-artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or sus- 
aw estrogen-dependent neoplasia. 6. Undiagnosed abnormal genital bleeding. 7. Known or suspected pregnancy 
see Warning No. 5). 8. Benign or malignant liver tumor which developed during use of OC's or other estrogen- 
containing products. 

Warnings 


Prete ere merreene tee riok Ot carious cardiovascular side effects from oral contrace use. 
risk increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked 
eee omer ae years age. Women who use oral contraceptives should be strongly advised not 


The use of oral gird eg is associated with increased risk ot several serious conditions, including 


thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. 
oe prescribing oral contraceptives should be familiar with the following information relating to 
ese risks. 


1. Thromboembolic Disorders and Other Vascular Problems—An increased risk of thromboembolic and thrombotic 
disease associated with use of OC's is well established. Three principal studies in Great Britain and 3 in the U.S. 
have demonstrated increased risk of fatal and nonfatal venous thromboembolism and stroke, both hemorrhagic and 
thrombotic. These studies estimate that users of OC's are 4 to 11 times more likely than nonusers to develop these 
diseases without evident cause. 
CEREBROVASCULAR DISORDERS—In a collaborative American study of cerebrovascular disorders in women with 
and without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users 
than nonusers and the risk of thrombotic stroke was 4 to 9.5 times greater in users than in nonusers. 
MYOCARDIAL INFARCTION (MI)—An increased risk of MI associated with the use of OC's has been reported, 
confirming a previously suspected association. These studies, conducted in the UK, found, as expected, that the 
greater the number of underlying risk factors for coronary-artery disease (cigarette smoking, hypertension, hyper- 
cholesterolemia, obesity, diabetes, history of pre-eclamptic toxemia) the higher the risk of eveloping MI, regardless 
of whether the patient was an OC user or not. OC's, however, were found to be a clear additional risk factor. In terms 
of relative risk, it has been estimated that OC users who do not smoke (smoking is considered a major 9 
condition to MI) are about twice as likely to have a fatal MI as nonusers who do not smoke. OC users who are also 
smokers have about a 5-fold increased risk of fatal MI compared to users who do not smoke, but about a 10- to 12- 
fold increased risk compared to nonusers who do not smoke. Furthermore, amount of smoking is also an important 
factor. In determining importance of these relative risks, however, baseline rates for various age groups must be 
given serious consideration. Importance of other predisposing conditions mentioned above in determining relative 
pe agate risks has not as yet been quantified; quite likely the same synergistic action exists, but perhaps to a 

ser extent. 
RISK OF DOSE—In an analysis of data derived from several national adverse-reaction reporting systems, British 
investigators concluded that risk of thromboembolism, a coronary thrombosis, is directly related to dose 
of estrogen in OC's. Preparations containing 100 mcg or more of estrogen were associated with higher risk of 
thromboembolism than those containing 50-80 mcg. Their analysis did suggest, however, that quantity of estrogen 
may not be the sole factor involved. This finding has been confirmed in the U.S. 
ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES—A large | aera study carried out in the 
UK estimated the mortality rate per 100,000 women per year from diseases of the circulatory system for users and 
nonusers of OC's according to age, smoking habits, and duration of use. Overall excess death rate annually trom 
circulatory diseases for OC users was estimated to be 20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/ 
100,000; ages 45-49—140/100,000), risk being concentrated in older women, in those with long duration of use 
and in cigarette smokers. It was not possible, however, to examine interrelationships of age, smoking, and duration 
of use, nor to compare effects of continuous vs. intermittent use. Although the study showed a 10-fold increase 
in death due to circulatory diseases in users for 5 or more years, all these deaths occurred in women 35 or older. 
Until larger numbers of women under 35 with continuous use for 5 or more years are available, it is not possible to 
assess magnitude of relative risk for this younger group. Available data from a variety of sources have been ana- 
lyzed to estimate risk of death associated with various methods of contraception. Estimates of risk of death for each 
method include combined risk of contraceptive method (e.g., thromboembolic and thrombotic disease in the case of 
OC's) plus risk attributable to pregnancy or abortion in event of method failure. This latter risk varies with effective- 
ness of method. The study concluded that mortality associated with all methods of birth control is low and below 
that associated with childbirth, with the exception of OC's in women over 40 who smoke. Lowest mortality is 
associated with condom or diaphragm backed up by early abortion. Risk of thromboembolic and thrombotic disease 
associated with OC's increases with age after about 30 and, for MI, is further increased by hypertension, hypercho- 
lesterolemia, obesity, diabetes, or history of pre-eclamptic toxemia, and especially sgue smoking. Physician and 
patient should be alert to earliest manifestations of thromboembolic and thrombotic disorders (e.g., thrombophlebi- 
tis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal thrombosis, and mesenteric 
thrombosis). Should any of these occur or be suspected, the drug should be discontinued immediately. A 4- to 6- 
fold increased risk of postsurgery thromboembolic complications has been reported in OC users. If feasible, OC's 
should be discontinued at least 4 weeks before surgery of a type associated with increased risk of thromboembolism 
or prolonged immobilization. 
PERSISTENCE OF RISK OF VASCULAR DISORDERS—Findings from one study in Britain involving cerebro- 
vascular disease and another in the U.S. concerning MI suggest an increased risk of these conditions in users of 
OC's persists after discontinuation of the OC's. In the British study, risk of cerebrovascular disease remained 
elevated in former OC users for at least 6 years after discontinuation. In the U.S. study, increased risk of MI 
“sole for at least 9 years in women 40 to 49 years old who hac usec OC's for 5 or more years. Findings in 

th studies require confirmation since they are inconsistent with other published information. 


2. Ocular Lesions—There have been reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis 
associated with use of OC's. Discontinue OC's if there is unexplained, sudden or gradual, partial or complete loss of 
vision; onset of proptosis or diplopia; papilledema; or retinal-vascular lesions, and institute appropriate diagnostic 
and therapeutic measures. 
3. Carcinoma—Long-term continuous administration of either natural or synthetic estrogen in certain animal species 
increases frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic progestogens, none 
currently contained in OC's, have been noted to increase incidence of mammary nodules, benign and malignant, in 
dogs. In humans, 3 case-control studies have reported an increased risk of endometrial carcinoma associated with 
prolonged use of exogenous estrogen in postmenopausal women. One publication reported on the first 21 cases 
submitted by physicians to a registry of cases of adenocarcinoma of the endometrium in women under 40 on OC's. 
Of cases found in women without predisposing risk factors (e.g., irregular nn at the time OC's were first given, 
polycystic ovaries), nearly all occurred in women who had used a sequential OC. These are no longer marketed. No 
evidence has been reported suggesting increased risk of endometrial cancer in users of conventional combination or 
egreso ony OC's. Several studies have found no increase in breast cancer in women taking OC's or estrogens. 
ne study, however, while also noting no overall increased risk of breast cancer in women on OC's, found an excess 
risk in subgroups of OC users with documented benign breast disease. Reduced occurrence of vn breast tumors 
in users of OC's has been well documented. In summary, there is at present no confirmed evidence from human 
studies of increased risk of cancer associated with OC's. Close clinical surveillance of all women on OC's is, never- 
theless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, appropriate 
pt measures should be taken to rule out malignancy. Women with a strong family history of breast cancer or 
breast nodules, fibrocystic disease, or abnormal mammograms should be monitored with particular care if they 
elect to use OC's. 
4. Hepatic Tumors—Benign hepatic adenomas have been found to be associated with use of OC's. One study 
showed that OC's with high hormonal potency were associated with higher risk than lower potency OC's. Although 
benign, hepatic adenomas may rupture and may cause death through intra-abdominal hemorrhage. This has been 
reported in short-term as well as long-term users. Two studies relate risk with duration of use of OC's, the risk 
being much poer after 4 or more years’ use. While hepatic adenoma is rare, it should be considered in women 
eg om abdominal pain and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma 
been reported in women on OC's. Relationship of these drugs to this type of malignancy is not known. 
5. Use in or Immediately Preceding Pregnancy, Birth Defects in Offspring, and Malignancy in Female Offspring— 
Use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, 
have increased risk of developing in later life a form of vaginal or cervical cancer ordinarily extremely rare. This risk 
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has been estimated to be of the order of 1 in 1,000 exposures or less. Although there is no evidence now that ( 
further enhance risk of developing this type of malignancy, such patients should be monitored with particular 4 
elect to use OC's. Furthermore, 30 to 90% of such exposed women have been found to have epithelial chi 
of the vagina and cervix. Although these changes are histologically benign, it is not known whether this condit 
a precursor of vaginal malignancy. Male children so exposed may develop abnormalities of the urogenital tract 
Although similar data are not available with use of other estrogens, it cannot be presumed ag would not indul 
similar changes. An increased risk of congenital anomalies, including heart detects and limb defects, has bee 
reported with use of sex hormones, including OC's, in pregnancy. One case-control study estimated a 4 7-fol 
increase in risk of limb-reduction defects in infants exposed in utere to sex hormones (OC's, hormonal withdr« 
tests for pregnancy, or attempted treatment for threatened abortion). Some exposures involved phd a few day 
Data suggest that risk of limb-reduction defects in exposed fetuses s somewhat less than 1 in 1,000 live births 
the past, female sex hormones have been used during pregnancy in an attempt to treat threatened or habitual 
abortion. There is considerable evidence that estrogens are inetfectve for these indications, and there is no ev 
from well-controlled studies that He pd se are effective. There ss some evidence that triploidy and possibly 
pees of polyploidy are increased among abortuses from women who become pregnant soon after ceasing OC 
mbryos with these anomalies are virtually always aborted spontaneously. Whether there is an overall increase 
spontaneous abortion of pregnancies conceived soon after stopping OC's is unknown. It is recommended that 
any patient who has missed 2 consecutive periods, taa yan l should be ruled out defore continuing OC's. If t! 
patient has not adhered to the prescribed schedule, the possibility of pregnancy should be considered at time ¢ 
missed period, and further use of OC's should be withheld until pregnancy has been ruled out. If pregnancy is 
confirmed, the patient should be apprised of the potential risks to the fetus, and advisability of continuation of 
pregnancy should be discussed. It is also recommended that women who discontinue OC's with intent of becal 
pregnant use an alternate form of contraception for a period of time before attempting to conceive. Many clinic 
recommend 3 months, although no precise information is available on which to base this. The administration ¢ 
progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of pregnancy. 
6. Gallbladder Disease—Studies report increased risk of surgically confirmed gallbladder disease in users of O! 
and estrogens. In one study, increased risk appeared after 2 years’ wse and doubled after 4 or 5 years’ use. In 4 
the other studies, increased risk was apparent between 6 and 12 months’ use. 
7. Carbohydrate and Lipid Metabolic Effects—Decrease in glucose tolerance has been observed in a significant 
percentage of patients on OC's. For this reason, prediabetic and diabetic patients should be carefully observed 
on OC's. Increases in triglycerides and total phospholipids have been observed in patients on OC's. Three stud 
were performed with Triphasi! and no significant alterations in lipid metabolism were noted except for a slight 
increase in triglyceride levels in 1 study. Clinical significance of these findings remains to be defined. 
8. Elevated Blood Pressure—\ncrease in blood peasan has been ete in patients on OC's. In some wome 
hypertension may occur within a few months of beginning OC's. In the 1st year of use, prevalence of women w 
hypertension is low in users and may be no of than that of a comparable group of nonusers. Prevalence in 
increases, however, with longer exposure, and in the 5th year of use is 2'% to 3 times the reported prevalence 
1st year. Age is also strongly correlated with development of hypertension in OC users. Women who previously 
had mosrasan during pregnancy may be more likely to develop elevation of blood pressure on OC's. Hypert 
sion that develops as a result of taking OC's usually returns to normal after discontinuing the drug 
9. Headache—Onset or exacerbation of migraine or development of headache of a new pattern which is recurre 
persistent, or severe, requires discontinuation of OC's and evaluation of the cause. 
10. Bleeding Irreguiarities—Breakthrough bleeding, spotting, and amenorrhea are frequent reasons for patient 
discontinuing OC's. In breakthrough bleeding, as in all cases of irregular vaginal bleeding, nonfunctional cause 
should be borne in mind. In undiagnosed persistent or recurrent abnormal bleeding from the vagina, adequate 
diagnostic measures are indicated to rule out pregnancy or rengan. if pathology has been excluded, time o 
change to another OC may solve the problem. Changing to an OC with a higher estrogen content, while potenti 
useful in minimizing menstrual irregularity, should be done only if necessary, since this may increase nsk of ~ 
thromboembolic disease. Women with past history of oligomenorrhea or secondary amenorrhea or young won 
without regular cycles may have a tendency to remain anovulatory or to become amenorrheic after discontinuir 
OC's. Women with these preexisting problems should be advised of this possibility and encouraged to use othe 
methods. Post-use anovulation, possibly prolonged, may also occur in women without previous irregularities. 
11. Ectopic Pregnancy—Ectopic as well as intrauterine pregnancy may occur in contraceptive failures. 
12. Breast-feeding—OC's given in the postpartum period may interfere with lactation and decrease quantity and 
quality of breast milk. Furthermore, a small fraction of the hormones in OC's has been identified in the milk of 
mothers on OC's; effects, if any, on the breast-fed child have not been determined. If feasible, defer OC's until | 
has been weaned. 
Precautions—GENERAL—1. A complete medical and family history should be taken prior to initiation of OC's. 
Pretreatment and periodic physical examinations should include special reference to blood pressure, breasts, 
abdomen and pelvic organs, including Pap smear and relevant laboratory tests. As a general rule OC's should r 
prescribed for longer than 1 year without another physical examination and Pap smear. 
2. Under influence of estrogen-progestogen preparations, preexisting uterine leiomyomata may increase in size 
3. Patients with history of psychic depression should be carefully observed and the drug discontinued if depres 
recurs to a serious degree. Patients becoming significantly depressed while on OC's should stop OC's and use 
alternate method to try to determine whether the symptom is drug-related. 
4. OC's may cause some degree of fluid retention. They should be prescribed with caution, and only with caret 
monitoring, in patients with conditions which might be aggravated by fluid retention, such as convulsive disora 
migraine syndrome, asthma, or cardiac or renal insufficiency. 
5. Patients with a past history of jaundice a pregnancy have an increased risk of recurrence while on OC's 
jaundice develops, OC's should be discontinued. 
6. —_ hormones may be poorly metabolized in patients with impaired liver function and should be administ 
with caution. 
7. OC users may have disturbances in nth: ab jaar metabolism which may result in a relative pyridoxine 
Ceficiency. Clinical significance is undetermined. 
8. Serum folate levels may be depressed by OC's. Since the sa ss woman is precisposed to development of 
folate deficiency and incidence of folate deficiency increases with increasing gestation, it is possible that if a wo 
becomes pregnant shortly after stopping OC's, she may have a greater chance of developing folate deficiency ai 
complications attributed to this deficiency. 
9. The pathologist should be advised of OC therapy when relevant specimens are submitted. 
10. Certain endocrine- and liver-function tests and blood components may be affected by estrogen-containing-4 
a. Increased sulfobromophthalein retention. 
b. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased norepinephrine- 
induced platelet aggregability. 
c. Increased thyroid-binding globulin (TBG) leading to increased circulating total-thyroid hormone, as measure 
protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 resin uptake is decreased, refle 
the elevated TBG: free T4 concentration is unaltered. 
d. Decreased pregnanediol excretion. 
e. Reduced response to metyrapone test. 
information for the Patient—See Patient Package Labeling. 
Drug Interactions—Reduced efficacy and increased incidence of aie bleeding have been associated w 
concomitant use of rifampin. A similar association has been suggested with barbiturates, phenylbutazone, pher 
sodium, ampicillin and tetracycline. 
Carcinogenesis—See Warnings section for information on carcinogenesis. 
Pregnancy—Category X. See Contraindications, Warnings. 
Nursing Mothers—See Warnings. 
Adverse Reactions—An increased risk of these serious adverse reactions has been associated with use of OC's 
Warnings): thrombophlebitis, pulmonary embolism, coronary thromposis, cerebral thrombosis, cerebral hema 
rhage, hypertension, = er disease, benign hepatomas, congenital anomalies. There is evidence of an ass 
ciation between the following conditions and use of OC's although additional confirmatory studies are needed: 
mesenteric thrombosis, neuro-ocular lesions, e.g., retinal thrombosss and optic neuritis. 
The following adverse reactions have been reported in patients on OC's and are believed to be drug-related. Nau 
and/or vomiting, usually the most common adverse reactions, occur in approximately 10 percent or less of pati 
during the first cycle. Other reactions, as a general rule, are seen much less frequently or only occasionally. Gas 
intestinal symptoms (such as abdominal cramps and bloating); breakthrough bleeding, spotting, change in mer 
flow; dysmenorrhea, amenorrhea during and after treatment, temporary infertility after discontinuance of treatn 
edema; chloasma or melasma which may persist; breast changes: tenderness, enlargement, and secretion; cha 
weight (increase or decrease); change in cervical erosion and Cervicai secretion; possible diminution in lactatior 
given immediately postpartum; cholestatic jaundice; migraine; increase in size of uterine leiomyomata; rash (all 
mental depression; reduced tolerance to carbohydrates; vaginal candidiasis; a in corneal curvature (steep 
intolerance to contact lenses. The following adverse reactions have been reported in users of OC's, and the assi 
has been neither confirmed nor refuted: premenstrual-like syndrome, cataracts, changes in libido, chorea, chat 
appetite, cystitis-like syndrome, headache, nervousness, dizziness, hirsutism, loss of scalp hair, erythema mul 
erythema nodosum, hemorrhagic eruption, vaginitis, porphyria, hemolytic uremic syndrome. 
Acute Overdose—Serious ill effects have not been reported following acute ingestion of large doses of OC's by 
young children. Overdosage may cause nausea, and withdrawal bleeding may occur in females. 


prep and Administration—For maximum contraceptive effectiveness, Triphasil must be taken exactly as dire 


and at intervals not over 24 hours. (If Triphasil is first taken later than first day of first menstrual cycle of medica 
or m, contraceptive reliance should not be placed on it until after the first 7 consecutive days of use. 
Possibility of ovulation and conception prior to initiation of medication should be considered.) 


Any time patient misses 1 or 2 brown, white or light-yellow tablets, she should also use another contraceptive 
method until she has taken a tablet daily for 7 consecutive days. 
For full details on dosage and administration see prescribing information in package insert. 





Diminished respiratory sinus arrhythmia in asphyxiated 


term infants 


Michael Y. Divon, M.D., Heidi Winkler, M.D., Sze-Ya Yeh, M.D., Lawrence D. Platt, M.D., 


Oded Langer, M.D., and Irwin R. Merkatz, M.D. 
Bronx, New York, and Les Angeles, California 


Spectral analysis techniques were used to quantitate the association between respiration and heart rate 
variability in eight healthy and eight asphyxiated infants born at term gestation. Respiratory sinus 
arrhythmia was demonstrated in all healthy infants. This arrhythmia was significantly diminished in 
asphyxiated newborn infants. We conclude that newborn infants with low Apgar scores have a reduced 
respiratory sinus arrhythmia and that this reduction could account for the loss of short-term heart rate 
variability commonly associated with asphyxia. (AM J Opstet GyNecoL 1986;155:1263-6.) 


Key words: Perinatal asphyxia, heart rate variability, respiratory sinus arrhythmia 


The assessment of heart rate variability and its sig- 
nificance to fetal and neonatal well-being have received 
increased attention in recent years. Previous studies 
have documented decreased beat-to-beat variability in 
distressed fetuses, in quiet sleep, in depression of the 
central nervous system caused by hypoxia, acidosis or 
drugs, in severe cardiac disorders, in sudden infant 
death syndrome, in brain death, in respiratory distress 
syndrome, and in diabetic adults with autonomic neu- 
ropathy.'* To date there have been few quantitative 
investigations of specific mechanisms which would ac- 
count for the decreased beat-to-beat variability seen 
under these conditions. 

Normal variations in heart rate are attributed to mod- 
ulation of the sinoatrial node by a number of physio- 
logic mechanisms such as thermoregulation, blood 
pressure control, and respiration.” Respiratory sinus 
arrhythmia is the mechanism by which respiration 
modulates heart rate. The first reported observations 
on the interaction between respiration and heart rate 
were made in the nineteenth century by Ludwing, who 
found that the heart rate accelerates with inspiration. 
Others have since noticed that the respiratory wave- 
form and the corresponding heart rate variability have 
a common frequency fluctuation.” It has been reported 
that respiratory sinus arrhythmia is the major contrib- 
utor to short term beat-to-beat variability and that it is 
primarily mediated by the parasympathetic component 
of the autonomic nervcus system." 
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Although the physiologic origin of heart rate vari- 
ability is not known for certain, most clinical evidence 
supports the common understanding that the presence 
of normal variability represents an intact and well- 
oxygenated central nervous system.'? Indeed a marked 
reduction in beat-to-beat variability has been noticed in 
the asphyxiated fetus.” l 

Since asphyxia is often associated with perinatal brain 
damage,'* an abnormal interaction between breathing 
and heart rate variability could accoun: for the reduced 
beat-to-beat variability seen in these patients. The pur- 
pose of this study was to evaluate the association be- 
tween respiration and heart rate variability in healthy 
and asphyxiated newborn infants by applying Fourier 
analysis techniques to quantitate the extent of respi- 
ratory sinus arrhythmia. 


Materlal and methods 


Patients. Eight healthy and eight asphyxiated new- 
born infants were included in this study. 

Inclusion criteria for the healthy newborn infants 
were as follows: (1) uncomplicated pregnancy, (2) term 
gestation, (3) uncomplicated labor, (4) Apgar scores of 
28 at 1 and 5 minutes, (5) birth weight greater than 
the tenth and less than the ninetieth percentile, (6) no 
medications other than vitamin K, and (7) normal clin- 
ical neurological examination. 

Inclusion criteria for the asphyxiated newborn in- 
fants were as follows: (1) term gestation, (2) Apgar 
scores <3 at 1 minute and <5 at 5 minutes, (3) no 
medications affecting central nervous system, respira- 
tion, or cardiac activity, and (4) absence of respiratory 
distress syndrome. 

Each infant was studied once within 24 hours of de- 
livery. All healthy babies were fed shortly before the 
study and were in a quiet sleep during the study (that 
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` Fig. 1. Spectral. density of heart rate variability. The double- 
headed arrow indicates the frequercy of fetal breathing 
(mean + SD), The shaded area represents a relative measure 
of respiratory sinus arrhythmia. 


Table I. Mean breathing frequencies for 
healthy and asphyxiated newborn infants 






Frequencies 









Frequencies | for 
; for healthy i asphyxiated 
Patient No. infants (Hz) | infants (Hz) 





J 0.9] 1.02 
2 0.74 0.85 
3 0.60 0:65 
4 0.7) 0.58 
5 0.75 0.86 
6 0.58 0.74 
7 0.89 0.92 
8 0.76 — 1.10 
Mean + SD 0.74 + 0.11 0.84 + 0.17 © 


is, closed eyes, regular respirations, no gross body 
movements, no vocalization). Neonatal electrocardio- 
grams arid respiratory waveforms were simultaneously 
obtained by a neonatal monitor (Neonatal Monitor 51 2, 
Corometrics Medical Systems, Wallingford, Connecti- 
cut). This information was taped on a FM tape recorder 
(Ampex PR 2200, Redwood City, California) for fur- 
ther off-line analysis. On replay the information was 
fed into a microcomputer (Apple II Plus, Apple Com- 
puter, Inc., Cupertino, California), with use of a sam- 
pling rate of 1 kHz. 

Neonatal beat-to-beat intervals were derved from 
the electrocardiograph signal by detectingthe time in- 
terval between each consecutive R-wave peak. Beat-to- 
beat variability was then continuously calculated as 
[In — T(n ~ 1)/{[Tn + T(n — 1); where Tn = the 
nth interbeat interval.” .Plots of spectral densities of 
beat-to-beat variability at 0,1 to 1.6 Hz were obtained 
with use of discrete Fourier transformation on four 
segments of 256 R-R intervals per patient. Breathing 
rates were calculated for each of these segments as a 
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Fig. 2. Respiratory sinus arrhythmia in healthy and as- 
phyxiated newborn infants (relative values). 


Table II. Mean heart rate for healthy and 
asphyxiated newborn infants 







Heart rete of 
asphyxiated 
_ infants (bpm) 









Heart rate of healthy 


Patient No. infants (bpm) 





l 132 14C 
2 105 11% 
3 126 I2E 
4 12] 137 
5 117 14] 
6 123 13¢ 
7 109 122 
8 137 111 
Mean + SD 121 + 10 129 + |I 


mean + SD of the mean from breath-to-breatk. inter- 
vals. Since it was necessary to partitior a measure of 
respiratory sinus arrhythmia from the total heert rate 
variability, the frequencies of interest in this stucy were 
those associated with breathing. The distribution. of 
power. over the frequencies of interest was calculated 
by band integration. The area under the peak corre- 
sponding to the frequency of breathir.g was used as 


a relative measure of respiratory sinus arrhythmia 


(Fig. 1). Results were compared with use of Stuadent’s 
t test. 


Results 

Neonatal breathing. The mean breathing frequency 
for healthy and asphyxiated newborn infants was 
0.74 + 0.11 and 0:84 + 0.17 Hz, respectively. This dif- 
ference was not statistically significant. The individual 
values are listed in Table I.. 

Neonatal heart rate. The mean heart rate for healthy 
and asphyxiated newborn infants was 121 + _0 and 
129 + 11 bpm (+SD), respectively. This difference was 
not statistically significant. The indivicual values are 
listed in Table II. 

Power spectrum of beat-to-beat variability. Mean 
values for respiratory sinus arrhythmia in healthy and 
asphyxiated neonates were 4.51 + 0.85 and 2.66 + 
0.95 (+SD), respectively. This difference was signif- 
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cant (p < 0.05). The mean values for each individual 
are listed in Fig. 2. 


Comment 


The occurrence of respiratory sinus arrhythmia as a 

normal phenomenon in the healthy term neonate has 
long been known.’* Several mechanisms have been sug- 
gested to explain the effects of respiration on heart 
rate. It has been considered by some investigators to 
be a lung inflation reflex, while others have proposed 
that increased filling of the right atrium during inspi- 
rium causes cardiac acceleration.’* *° Recent studies on 
respiratory sinus arrhythmia agree that its origin is 
within the brain stem, and that it is related to the in- 
teraction between the respiratory centers and the au- 
tonomic control of the heart.” 

A high correlation has been reported between low 
Apgar scores and the incidence of neonatal mortality 
and neurological abnormalities at 1 year of age." Brain 
edema was a common finding following prolonged par- 
tial asphyxia. Neuropathologic studies performed on 
neonates who sustained hypoxic-ischemic injury have 
demonstrated that the brain stem sustained a dispro- 
portionately high degree of injury. For purposes of 
definition of asphyxia, Apgar scores of <3 at 1 minute 
and <5 at 5 minutes were used in this study. The results 
of the present study indicate that the modulation of 
heart rate by respiration is significantly reduced in as- 
phyxiated infants, and that this difference cannot be 
attributed to differences in either the breathing or the 
heart rate. 

Although the respiratory frequencies may be easily 
identified by observing a strip-chart tracing of neonatal 
breathing movements, visual identification of respira- 
tory sinus arrhythmia is much more difficult. Heart rate 
variability is the change in sequential beat-to-beat in- 
tervals over time. Several investigators used time- 
domain measurements and statistical methods to de- 
scribe the global variations in heart rate variability.” 
These statistical methods tend to destroy the temporal 
sequence of the individual interbeat intervals and 
therefore were not suitable for this study. Since res- 
piration and heart rate are rhythmic phenomena, spec- 
tral analysis is an alternative method to study the in- 
teraction between them. This technique may be used 
to study rhythmic activity of beat-to-beat variability and 
respiration by decomposing both series into sinusoidal 
functions of different frequencies, and it is an accepted 
method for quantitating the variance associated with 
each rhythm.” This process provides a measure of the 
extent of respiratory sinus arrhythmia and has previ- 
ously been used to document respiratory sinus arrhyth- 
mia in human and animal experiments.'" 16 17 

The results of this study indicate that respiratory 
sinus arrhythmia is significantly reduced in asphyxiated 
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neonates. Since respiratory sinus arrhythmia accounts 
for most of the short-term beat-to-beat variability seen 
in the intact subject,''** its absence identifies a physi- 
ologic mechanism that could account for the relatively 
“smooth” heart rate pattern commonly associated with 
perinatal asphyxia. 

The question of whether these findings are equally 
valid for the fetus has yet to be answered. Breathing 
movements occur episodically in the human fetus and 
their presence is associated with increased short-term 
heart rate variability.» Using power spectral tech- 
niques, we have recently analyzed the interaction be- 
tween breathing and heart rate variability in the healthy 
fetus and demonstrated that respiratory sinus arrhyth- 
mia does exist in utero.’ Studies are presently under 
way to investigate the effects of asphyxia on respiratory 
sinus arrhythmia in the human fetus. 
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Effects of thyrotropin-releasing hormone in the fetal lamb 


Jason G. Umans, Ph.D., M.D.,* Hilary R. Umans, B.A., and Hazel H. Szeto, Ph.D., M.D.** 


New York, New York 


Thyrotropin-releasing hormone causes neurobehavioral arousal and stimulates breathing in adult, newborn, 
and preterm experimental animals. Its effects on behavioral state, breathing, blood pressure, and heart 
rate were studied in the chronically instrumented late term fetal lamb. Fetal intravenous administration of 
thyrotropin-releasing hormone resulted in behavioral arousal with electrocortical desynchronization, 
increased body and eye movements, rapid and deep breathing movements, and a transient bradycardia 
followed by prolonged tachycardia, associated with an increase in both systolic and diastolic blood 
pressure. The effects were similar folowing intracisternal administration of thyrotropin-releasing hormone. 
The effects of thyrotropin-releasing hormone on behavior, but not breathing, was abolished in the presence 
of muscarinic blockade. Thyrotropin-releasing hormone may play a role in the modulation of central 
regulation of cardiovascular, respiratory, and behavioral activity in the fetus. (AM J OBSTET GYNECOL 


1986;155:1266-71.) 


Key words: Sheep, fetus, thyrotropin-releasing hormone, electrocorticogram, fetal breathing 


Recently much attention has been directed toward 
the extrahypothalamic actions of thyrotropin-releasing 
hormone. The widespread distribution of thyrotropin- 
releasing hormone in mammalian brain and its appar- 
ent involvement in numerous neurophysiologic pro- 


From the Department of Pharmacology, Cornell University Medical 
College. 

This es was supported in part by Grant RO1-DA02475-04 from 
the National Institute on Drug Abuse and by Grant SO7-RRO5396 
awarded by the Biomedical Research Support Grant Program, Di- 
vision of Research Resources, National Institutes of Health. 

Presented at the Thirty-third Annual Meeting of the Society for Gy- 
necologic Investigation, Toronto, Ontario, Canada, March 19-22, 
1986. 

Reprint requests: Hazel H. Szeto, M.D., Ph.D., Department of Phar- 
macology, Cornell University Medical College, 1300 York Ave., 
New York, NY 10021. 

* Jason G. Umans is the recipient of a Research Fellowship from the 
Charles H. Revson Foundation. 

** Hazel H. Szeto is the recipient of a Research Scientist Development 
Award (K02-DA00100-01) from the National Institute on Drug 
Abuse of the Alcohol, Drug Abuse, and Mental Health Adminis- 
tration. 


1266 


cesses have led to the concept that thyrotropin-releas- 
ing hormone is a ubiquitous neurotransmitter that has 
been co-opted by the pituitary as a releasing hormone. 

Intraventricular and/or high-dose parentera. admin- 
istration of thyrotropin-releasing hormone kas been 
shown to cause behavioral and electrocortical arousal 
and to antagonize barbiturate-induced narcos:s in the 
adult rabbit,” fowl,® and mouse.’ In addition it stim- 
ulates respiratory activity in the anesthesized adult rat® 
and rabbit? and in the newborn” or preterm®™ rabbit. 
The mechanism of action of thyrotrop:n-releasing hor- 
mone is not understood, but some investigators have 
demonstrated that the thyrotropin-releasing hcrmone— 
induced arousal, though not the tachypneagen.c effect, 
can be blocked by muscarinic antagonists. 

In an effort to examine the possible role that thy- 
rotropin-releasing hormone may play :n the regulation 
of neurobehavioral and respiratory activity in the im- 
mature animal, we have examined its effects inthe fetal 
lamb. In addition, by studying the effects of thyrotro- 
pin-releasing hormone in the presence of atropine, we 
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Fig. 1. Effects of thyrctropin-releasing hormone (TRH) (5.0 mg intravenously) on fetal blood pres- 
sure (BP) and heart rate (HR). Top panel shows immediate effect of thyrotropin-releasing hormone; 
bottom panei shows effect of thyrotropin-releasing hormone 15 to 30 minutes after administration. 


Table I. Criteria for the scoring of the behavioral states indicated by the recordings 

















Electrocortical 


Behavioral state activity 





Arousal Desynchronized 
Quiet sleep Synchronized 
Rapid eye movement sleep Desynchronized 


have sought to confirm the suggestion that some of the 
effects of this compound may depend on muscarinic 
cholinergic pathways. 


Material and methods 


Animal preparation. Six unanesthetized, unre- 
strained pregnant ewes between 121 and 134 days’ ges- 
tation (term being 145 days) were studied 6 to 18 days 
after surgery. Details of the surgical procedures were 
as described previously. '*'* Briefly, stainless steel screws 
were implanted over the fetal parietal cortex to monitor 
electrocortical activity and over the superior orbital 
ridge to record eye movements. Stainless steel leads 
were placed in the dorsal neck muscle to record elec- 
tromyographic activity. Fetal breathing movements 
were assessed by stainless steel leads in the diaphragm 
and by changes in intratracheal pressure by an in- 
dwelling saline solution—filled polyvinyl catheter. Poly- 
vinyl catheters were placed in the fetal aorta to monitor 
blood presure and heart rate and in the maternal and 
fetal vena cava for thyrotropin-releasing hormone ad- 
ministration. A polyvinyl catheter (0.28 mm inner di- 
ameter by 0.64 mm outer diameter, size V1; Bolab In- 
corporated, Lake Havasu City, Arizona) was chronically 
implanted in the cisterna magna of four fetuses to allow 





Dorsal neck 
electromyographic 
activity 







Eye movements 





Random ‘Tone, movements 
Slow/absent Tone, movements 
Rapid eye movements Atonia 


direct drug administration into cisternal cerebrospinal 
fluid. A polyvinyl cuff (1.32 mm outer diameter, size 
V5) was cemented around the catheter 7 mm from the 
tip to facilitate suturing the catheter in place. A small 
hysterotomy was performed, the dorsal aspect of the 
flexed fetal neck incised, and the skin marsupialized to 
the uterine wall with Babcock clamps. The nuchal lig- 
aments were divided in the dorsal midline by blunt 
dissection and the cisternal membranes exposed. A 
5-0 silk retention suture was placed in the membrane 
and the membrane punctured with a 22-gauge hypo- 
dermic needle. The saline solution—filled catheter was 
inserted, secured to the membrane and to the occipital 
periosteum with silk suture, and the free return of ce- 
rebrospinal fluid confirmed after exteriorization of 
the catheter through the fetal scalp. All catheters and 


- electrodes were exteriorized at a site on the maternal 


flank. 

Recording procedures. All physiologic recordings 
were obtained with the ewe standing or lying quietly in 
an experimental cart with free access to food and water 
and in the presence of a companion sheep so as to 
reduce restlessness. A Gould model 2800 direct pen 
writing recorder with appropriate amplifiers was used 
for all studies. Recordings were made with the follow- 
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Fig. 2. Effects of thyrotropin-releasing hormone (5.0 mg intravenously) on the fetus. (FBP, Fetal 
blood pressure; FHR, fetal heart rate; TP, tracheal pressure; ECoG, electrocorticogram; EMG,, dorsal 
neck electromyogram; EOG, electrooculogram; EMG,, diaphragmatic electromyogram.) 


Table II. Effects of thyrotropin-releasing hormone on fetal cardiovascular parameters in the absence and 


presence of muscarinic blockade 









(5 mg) (n = 6) 


Thyrotropin-releasing hormone 


Atropine plus thyrotropin-reteasirg hormone 
(5 mg) (n = 3) 





t = 15-30 min 


Heart rate (bpm) 171 +6 142 + 7* 248 + 15* 185 +5 205 + 5*f 285 + 5* 

Systolic pressure 64 + 2 Of 5 8l + 4* 62 + 2 Tie 88 + 2* 
(mm Hg) 

Diastolic pressure 42 + 3 45 + 3 50 + 2* 42 +] 51°23" 7 65 + 3*+ 
(m Hg) 


All data expressed as mean + SE. 


*Significantly different from control of same group (p < 0.01). 


tSignificantly different from thyrotropin-releasing hormone alone (p < 0.01). 


ing band widths: electrocorticogram, 0.3 to 30 Hz; 
electrooculogram, 1 to 10 Hz; electromyogram, 30 to 
1000 Hz. 

Experimental protocol. Control recordings of all fe- 
tal physiologic parameters were made for 3 hours be- 
fore thyrotropin-releasing hormone administration. 
Thyrotropin-releasing hormone (9.5 to 5.0 mg; Sigma 
Chemical Company) was adminis<ered to the fetus by 
the intravenous or intracisternal routes (0.1 ml vol- 
ume). All physiologic parameters were recorded con- 
tinuously for at least 4 hours afterwards. In addition, 
three lambs that had received thyrotropin-releasing 


hormone (5 mg intravenously) received the same dose 
on a second occasion during the continuous infusion 
of atropine (5 wg/min). This dose of atropine resulted 
in acontinuous 30 bpm tachycardia before thyrotropin- 
releasing hormone administration and has been shown 
to antagonize the effects of cholinergic agonists in this 
preparation (Hinman DJ, Szeto HH. Cholinergic influ- 
ences on behavioral states and breathing movements in 
the fetus. Unpublished observations). 

Data analysis. All recordings were divided into l- 
minute epochs and scored as arousal, quiet sleep, or 
rapid eye movement sleep by visual analysis with us¢ 
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of the criteria given in Table I. Student’s ¢ test was used 
for analysis of data. 
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Fig. 3. Effects of thyrotropin-releasing hormone (5.0 mg intravenously) on fetal blood pressure (BP) 
and heart rate (HR) in the presence of muscarinic blockade with atropine. Top panel shows immediate 
effect of thyrotropin-releasing hormone. Note absence of the initial transient bradycardia. Bottom 
panel shows effects of thyrotropin-releasing hormone 15 to 30 minutes after administration. 
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Fig. 4. Effects of thyrotropin-releasing hormone (5.0 mg intravenously) on the fetus in the presence 
of muscarinic blockade with atropine. Note continuous deep breathing movements associated with 
synchronized electrocorticogram. (FBP, Fetal blood pressure; FHR, fetal heart rate; ECoG, electro- 


corticogram; EMG,, dorsal neck electromyogram; EOG, electrooculogram; EMG, diaphragmatic 
electromyogram.) 


rapid eye movement sleep. Fetal breathing movements 
averaged 57% + 4% of total recording time and were 
observed only during arousal and rapid eye movement 


Results sleep. These results are in agreement with those pre- 
During the control period all fetuses spent 5% to 15% viously reported.'* " 
of total recording time in a state of arousal with the Thyrotropin-releasing hormone in intravenous 


remainder spent alternating between quiet sleep and doses of 0.5 and 1.0 mg did not result in significant 
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Table III. Effects of thyrotropin-releasing hormone on fetal behavioral states and breathing movements 
in the absence and presence of muscarinic blockade 


Thyrotropin-releasing hormone 


aad plus thyrotropin-releasing 
(n = 6) hormone.(n = 3} 


Before After . Before After 
administration administration administration administration 





Incidence (%} 
Arousal Da2 65 + 6* 923 14 + 107 
Quiet sleep 38 +3 30 + 6 43 +3 31 + 10*+ 
Rapid eye movement 56 + 5 a ears $8 + 5 5 + 4* 
sleep 
preeups 58 + 4 74+ 19 48 + 6 53 + 20 





All. data expressed as mean + SE. 


*Significantly different from control of same group (p< 0.01). 


{Significantly different from thyrotropin-releasing hormone alone (p < 0.01). 


changes in any of the fetal parameters (n = 6). Doses 
of 2.5 and 5.0 mg (n = 7) resulted in a transient mild 
bradycardia within 1 to 2 minutes followed by a pro- 
longed tachycardia and an increase in both systolic and 
diastolic blood pressure (Fig. 1). These doses were also 
associated with immediate desynchronization of the 
electrocorticortical activity, rapid and deep breathing 
movements, and increased muscle tone and movements 
(Fig. 2). 

Although the breathing: movements induced by thy- 
rotropin-releasing hormone were initially associated 
with a state of arousal, they were observed to persist 
for a period of time after return of electrocorticogram 
synchrony. This is significantly different from the nor- 
mal fetus in which electrocorticogram synchrony is as- 
sociated with apnea, and breathing movements are only 
present during rapid eye movement sleep or arousal. 

When administered by the intracisternal route 
(n =4), the effects were similar to those observed in- 
travenously except that there was a longer latency to 
the onset of effect (3 to 6 minutes) and the initial bra- 
dycardiac response was not observed. There was also 
a tendency towards gréater potency, with effects ob- 
served at 1.0 mg of thyrotropin-releasing hormone 
being comparable to those observed with 5.0 mg of 
thyrotropin-releasing hormone intravenously. 

When thyrotropin-releasing hormone (5.0 mg intra- 
venously) was administered during the steady-state in- 
fusion of atropine (n = 3), the effects were similar to 
those observed in the absence of muscarinic blockade, 
except for the notable absence of the initial transient 
bradycardia (Fig. 3). Rapid, deep breathing movements 
were present, but they were associated with a synchro- 
nized rather than desynchronized electrocorticogram 
(Fig. 4). A comparison of the effects of 5.0 mg of thy- 
rotropin-releasing hormone alone and in the presence 
of atropine on cardiovascular parameters, and behav- 
ioral and breathing activity can be seen in Table II and 
Table III, respectively. 

None of the above effects were observed following 


the administration of thyrotropin-releasing hormone 
(5. mg intravenously) to the mother (n = 2), indicat- 
ing a direct effect of thyrotropin-releasing hormone on 
the fetus. 


Comment 

The intravenous administration of thyrotropin-re- 
leasing hormone to the. unanesthesized fetal lamb 
causes electrocortical and behavioral arousal, consistent 
with prior observations in other systeras.'” Although 
the increase in the incidence of fetal breathing move- 
ments is apparently related to the effect of thyrotropin- 
releasing hormone on behavioral state, the occurrence 
of episodes of breathing movements during quiet sleep 
after thyrotropin-releasing hormone administration 
suggests a dissociation of its effects on fetal behavior 
and breathing movements. This dissociation has pre- 
viously only been demonstrated in this system by in- 
hibitors of prostaglandin synthesis.'* In contrast to the 
results obtained in anesthesized rats,’ the behavioral 
and breathing effects were accompanied by significant 
cardiovascular responses, including moderate hyper- 
tension and a biphasic effect on fetal heart rate. 

The enhanced potency of thyrotropin-releasing hor- 
mone after intracisternal administration suggests that 
its effects are mediated predominantly within the cen- 
tral nervous system, while the delayed onset after cen- 
tral administration suggests that i its effecis are mediated 
more rostrally in the neuroaxis. 

Although the simultaneous blood pressure data sug- 
gest that the initial thyrotropin-releasing hormorie—in- 
duced bradycardia is not the result of a baroreflex, the 
blockade of the initial effect by atropine suggests that 
it is mediated by another cholinergic mechanism. The 
similar lack of an initial bradycardia after administra- 
tion of intracisternal thyrotropin-releasing hormone 
suggests that the atropine-sensitive bradycardic effect 
may be mediated exclusively at peripheral muscarinic 
sites, 

As demonstrated by Horita et al.’ in the adult rabbit, 


a? 


Volume 155 
Number 6 


our results show that atropine selectively antagonizes 
the arousal but not the tachypneagenic effect of thy- 
rotropin-releasing hormone in the fetal lamb. These 
results suggest that the respiratory effect of thyrotro- 
pin-releasing hormone is independent of its effects on 
behavioral activity in the fetal lamb. 

‘In summary these results suggest that thyrotropin- 
releasing hormone affects cardiovascular, respiratory, 
and behavioral activity in the fetal lamb. However, the 
amount of hormone required to produce these effects 
suggests that it is Bunks to bé of major physiologic 
significance. 
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Response of human amnion cells in culture to 
1 ,25-dihydroxycholecalciferol: Increased 
25- hydroxycholecalciferol 24- hydroxylase sa had and 


prostaglandin. E, formation 


M. Linette Casey Ph. D., James E. Griffin, M.D., Klaus Korte, M.D., 
Murray D. Mitchell, D.Phil., and Paul C. MacDonald, M.D. 


Dallas, Texas 


We investigated the possibility that 1,25-dihydroxycholecalciferol acts in human amnion as a physiologic 
calcium ionophore to effect increased prostaglandin E, production in this tissue. This possibility was based 
on the propositions that (1) this metabolite of vitamin D, acts in other targat tissues, that is, bone, intestine, 
chorioallantoic membrane, kidney, and intestine, to effect increased calcium absorption, (2) that 

1,25- dihydroxycholecalciferol is presen: in amniotic fluid, which bathes the amnion, and (3) that the 
mobilization of calcium in amnion is associated with stimulation of enzymes, namely, phospholipase A, and 
phosphatidylinositol- specific phospholipase C that act ultimately to effect the release of arachidonic acid, 
which in turn leads to increased prostaglandin E, production. We found that human amnion cells, 
maintained in primary monolayer culture, are responsive to 1,25-dihydroxycholecalciferol. Treatment of 
these cells with 1,25-dihydroxycholecatciferol for 18 hours brought about the induction, in a 
dose-dependent manner, of 25-hydroxycholecalciferol 24-hydroxylase, a marker of 
1,25-dihydroxycholecalciferol action. In addition, treatment of human amnion cells in monolayer culture 
with 1 ,25-dihydroxycholecalciferol caused, within 12 hours, a significant increase in the synthesis of 
prostaglandin E,, which was maintained for the duration of treatment, that is, 48 hours. These findings may 
be indicative of a significant physiologic role for 1,25-dihydroxycholecalciferol in metabolic processes that 
are important in amnion, including transport, amniotic fluid volume homeostasis, and the initiation of © 


parturition a J OBsTET GYNECOL 1986;155: 1272- -6.) 


Key words: |,25-Dihydroxycholecalciferol, prostaglandin E», amnion, calcium 


The regulation of calcium homeostasis by 1,25-di- 
hydroxycholecalciferol, the active metabolite of vita- 
min D, in intestine and kidney is well documented. It 
is significant that most tissues in which the activities of 
25- -hydroxycholecalciferol la-hydroxylase or 25-hy- 
droxycholecalciferol 24-hydroxylase are demonstrable 
are target tissues for vitamin D action. Such tissues 
include kidney, intestine, cartilage, and placenta in 
mammalian and avian species and the chorioallantoic 
membrane in the chick embryo; these tissues are known 
to be involved ‘in the mobilization or absorption of 
large ‘quantities of Ca** and therefore the maintenance 
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of calcium homeostasis in whole organisms.’ Since the 
regulation of the concentration of intracellular Ca** is 
of signal importance in the control of a number of 
biochemical processes in a variety of cell types, it is 
important to evaluate the possibility that 1,25-dihy- 
droxycholecalciferol acts in responsive cells to affect 
such Ca**-dependent processes. | 

The avascular fetal membrane in the human, that is, 
the amnion, is believed to be a tissue of central i impor- 
tance in transport processes, the maintenance of am- 
niotic fluid volume homeostasis, and the initiation of 
parturition,’ and these processes appear to be depen- 
dent, at least in part, on the rate of release of arachi- 
donic acid for substrate in’ the formation of prosta- 
glandin E,. Two enzymes that are ultimately involved 
in the release of arachidonic acid from phosphatidyl- 
inositol and diacyl phosphatidylethanolamine in am- 
nion during labor, namely, phosphatidylinositol-spe- 
cific phospholipase C and phospholipase A», are Ca?* 
dependent enzymes. On the other hand. the activity of 
diacylglycerol kinase, which catalyzes the resynthesis of 
glycerophospholipids is inhibited by Ca’ *.* Thus an in, 
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crease in the concentration of Ca®* in amnion cells 
could favor the release of arachidonic acid and thence 
prostaglandin E, synthesis. 

Previously we established that human amnion cells 
maintained in primary monolayer culture are a good 
model system for the study of the regulation of pros- 
taglandin E, production in amnion tissue.** In the pres- 
ent study we investigated the possibility that 1,25-di- 
hydroxycholecalciferol, which is present in amniotic 
fluid® that bathes the amnion in vivo, may serve as a 
naturally occurring Ca** ionophore in this tissue. To 
evaluate this possibility, we investigated by two exper- 
imental approaches the responsiveness of human am- 
nion cells in primary monolayer culture to 1,25-dihy- 
droxycholecalciferol. First, we evaluated the effect of 
treatment of amnion cells with 1,25-dihydroxychole- 
calciferol on the specific activity of 25-hydroxychole- 
calciferol 24-hydroxylase; we did so because the in- 
duction of this enzyme is believed to be a marker of 
1,25-dihydroxycholecalciferol action in responsive tis- 


sues.’ Second, we evaluated the effect of 1,25-dihy-. 


droxycholecalciferol treatment on prostaglandin E, 
production by amnion cells in culture; we did so be- 
cause prostaglandin E, is believed to be an agent im- 
portant in transport processes and in the initiation- 
maintenance of parturition. 


Material and methods 


Amnion cell culture. Human amnion tissues were 
separated from placentas that were obtained at the time 
of delivery conducted by elective cesarean section at 
term before the onset of labor. Amnion cells, prepared 
by enzymatic dispersion as described previously,* were 
maintained in primary monolayer culture in a mixture 
(1:1, vol/vol) of Ham F12 and Dulbeccc’s minimal es- 
sential medium that contained heat-inactivated fetal bo- 
vine serum (10%, vol/vol), penicillin (150 U/ml), strep- 
tomycin (150 ug/ml), Fungizone (375 ng/ml), kana- 
mycin (150 pg/ml), and gentamicin (20 ug/ml) in an 
atmosphere of air (95%) and carbon dioxide (5%) at 
37° CG. . 

Induction and assay of 25-hydroxycholecalciferol 
24-hydroxylase activity. Confluent amnion cells were 
treated with 1,25-dihydroxycholecalciferol in various 
concentrations. The vitamin was added to the culture 
medium in ethanol (0.1%, final concentration). After 
incubation for 18 hours the cells of each test group 
were scraped from the dishes and were washed twice 
in a solution of sodium chloride (0.15 mol/L). There- 
after the cells were suspended in Tris-citrate (50 
mmol/L, pH 7.4) buffer and disrupted by sonication 
for assay of 25-hydroxvcholecalciferol 24-hydroxylase 
activity by use of the method of Feldman et al.* An 
aliquot of the cell suspension was incubated with tri- 
tiated 25-hydroxycholecalciferol (300,000 dpm, 50 
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Fig. 1. Induction of 25-hydroxycholecalciferol 24-hydroxylase 
activity in human amnion cells maintained in monolayer cul- 
ture. Cells were treated with 1,25-dihydroxycholecalciferol 
(1,25-[0H];»-D4,), in various concentrations, for 18 hours. 
Thereafter 25-hydroxycholecalciferol 24-hydroxylase activity 
in homogenates of the cells was determined. Each point is 
representative of the average of two determinations, and sim- 
ilar data were obtained in two other experiments. 


nmol/L), nicotinamide adenine dinucleotide phosphate 
(2.5 mmol/L), and succinate (2.5 mmol/L) for 30 min- 
utes at 25° C. At the end of the incubation period 
the reaction was terminated by the addition of 3 
vol of chloroform/methanol (1:2, vol/vol) that con- 
tained nonradiolabeled 24,25-dihydroxycholecalciferol 
(70 ng). After centrifugation, water and chloroform 
were added to the supernatant fraction to partition the 
vitamin D metabolites into the organic phase. The 
aqueous phase was washed with chloroform; the or- 
ganic phases were combined and reduced to dryness 
under nitrogen. To achieve separation of 25-hydrox- 
ycholecalciferol, 1,25-dihydroxycholecalciferol, and 
24,25-dihydroxycholecalciferol, each residue was dis- 
solved in methanol/water (17:3, vol/vol) and chro- 
matographed by reverse-phase high-pressure liquid 
chromatography on a C,,-~Bondapak (Waters Associ- 
ates) column in the same solvent at a flow rate of 1.0 
ml/min. The fractions that contained 24,25-dihydrox- 
ycholecalciferol were collected, and the radioactivity in 
an aliquot of each fraction was assayed by liquid scin- 
tillation spectrometry. The remainders of these frac- 
tions were pooled, and the tritiated 24,25-dihydroxy- 
cholecalciferol was purified further by normal-phase 
high-pressure liquid on a Zorbax column (DuPont) with 
hexane/isopropanol (23:2, vol/vol) at a flow rate of 3 
ml/min. In both chromatographic systems, there was 
isopolarity between the radiolabeled and the nonra- 
diolabeled vitamin, which was detected by monitoring 
ultraviolet absorbance at 280 nm. The amount of 24,25- 
dihydroxycholecalciferol formed during the incubation 
period was computed after correcting for recovery of 
the nonradiolabeled internal standard. 


1274 Casey et al. 


/ 


1,25-(OH)o~-vitamin D3 


PGE, Production (ng/mg protein) 


1 12 24 36 48 
Time in Culture (h) 


Fig. 2. Prostaglandin E; (PGE,) productior. by human amnion 
cells in monolayer culture as a function of time in culture and 
of treatment with 1,25-dihydroxycholecalciferol (10 nmol/L). 
The height of the vertical bars is indicativ of the mean (+SEM, 
n = 6) for treated and nontreated cells for each time point 
(*p < 0.05, **p < 0.02). . 


Prostaglandin E, production by amnion cells in cul- 
ture. In experiments in which the effect of 1,25-dihy- 
droxycholecalciferol treatment on prostaglandin E, 
production by amnion cells was evaluated, the cells were 
maintained in plastic dishes (15 mm in diameter) with 
I ml of culture medium that contained either ethanol 
(0.1%, vol/vol) or 1,25-dihydroxycholecalciferol in var- 
ious concentrations (added in ethanol, 0.1%, vol/vol). 
After 1, 12, 24, and 48 hours, the media of each group 
of six dishes were collected. The amount of prosta- 
glandin E, in the medium was determined by direct 
radioimmunoassay as described previously.* Protein 
content was determined by the method of Lowry et al.’ 


Results 


Induction of 25-hydroxycholecalciferol 24-hydrox- 
ylase activity. 25-Hydroxycholecalciferol 24-hydroxy- 
lase activity was demonstrable in sonicates of human 
amnion cells that were treated with 1,25-dihydroxy- 
cholecalciferol (10 nmol/L) for 18 hours (Fig. 1). In 
sonicates of cells treated with vehicle only (ethanol), the 
enzyme activity was undetectable, that is, <0.1 pmol/ 
30 min/mg of protein. A concentration-dependent re- 
lationship between the specific activity of 25-hydroxy- 


cholecalciferol 24-hydroxylase and the concentration of - 


1,25-dihydroxycholecalciferol in the culture medium 
was demonstrated (Fig. 1). Maximal stimulation was 
achieved at a concentration of 1,25-dihydroxycho- 
lecalciferol of approximately 6 nmol/L, and half- 
maximal stimulation was achieved with a concentra- 
tion of 1,25-dihydroxycholecalciferol of approximately 
1 nmol/L. 
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Table I. Effect of 1,25-dihydroxycholecaleiferol, 
in various concentrations on prostaglandin E, 
production by human cells in monolayer culture 





Prostaglandin E, 
production 
- Treatment (mean + SEM)* 
Vehicle onlyt 9.7 + 1.0 
1,.25-Dihydroxycholecalciferol 
107° mol/L 9.1 + 0.7. 
107° mol/L 15.6 + 2.6 
1077 mol/L 12.2 21:3 
107° mol/L 14.8 + 0.8 


Confluent human amnion cells in primary monolayer cul- 
ture were incubated with 1,25-dihydroxycholecalciferol -n var- 
ious concentrations for 12 hours. 


*Nanograms of prostaglandin E, producec per miligram 
of protein per 12 hours. 


7Ethanol, 0.1%, vol/vol. 


Stimulation of prostaglandin E, production. The ef- 
fect of 1,25-dihydroxycholecalciferol on Drostaglandin 
E production by human amnion cells as a function of 
time of incubation was evaluated. After 12 hours pros- 
taglandin E, production in cells treated with 1,25-di- 
hydroxycholecalciferol (10 nmol/L) was increased to a 
value approximately 180% of control (p < 0.05, n = 6). 
Thereafter the accumulation of prostaglandin E, in the 
medium of 1,25-dihydroxycholecalcifero]—treated cells 
was additive with that which occurred as a function of 
time in nontreated cells (Fig. 2). Thus 1,25-dihycroxy- 
cholecalciferol treatment effects an increase in the rate 
of production of prostaglandin E; within 12 hours. The 
effect of 1,25-dihydroxycholecalciferol in various con- 
centrations on prostaglandin E, production also was 
evaluated. At a concentration of 1 nmol/L, 1,25-di- 
hydroxycholecalciferol was ineffective in stimulating 
prostaglandin E, production during the 12-hour treat- 
ment period; at concentrations of 10 nmol/L to 1 
pmol/L, 1,25-dihydroxycholecalciferol d:d elicit an in- 
crease in prostaglandin E, production by amnion cells 
compared with that in nontreated cells (Table I) 


Comment 


The findings of this study are supportive of the con- 
clusion that human amnion tissue is responsrve to 
1,25-dihydroxycholecalciferol action. A number of tis- 
sues in the human and in experimental animals are 
known to contain specific 1,25-dihydrcxycholezalcif- 
erol receptors,’ and it has been demonstrated by in vitro 
and in vivo studies that 1,25-dihydroxycholecalaferol 
acts in such tissues to induce 25-hydroxycholecalcifero] 
24-hydroxylase activity.” Thus it is believed that the 
induction of 24-hydroxylase activity is a marker of 
1,25-dihydroxycholecalciferol action. Indeed, recep- 
tors for 1,25-dihydroxycholecalciferol also have been 
demonstrated in a number of human tissues that are 
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known to be sites of 1,25-dihydroxycholecalciferol ac- 
tion as well as in-human skin fibroblasts in culture,’ in 
human breast, and thyroid! carcinoma cells and in 
human malignant melanoma cells’ maintained in 
monolayer culture. 

In the present investigation we used amnion cells in 
primary monolayer culture as a model system for the 
study of the regulation of prostaglandin synthesis. The 
only prostaglandin produced in significant quantities 
by these cells,” as in amnion tissue,’* “ is prostaglandin 
E; moreover, in amnion tissue'* © and in amnion cells® 
prostaglandin E, is not metabolized. We found that am- 
nion cells in monolayer culture respond to 1,25-dihy- 
droxycholecalcifero] treatment notonly by an increase 
in 25-hydroxycholecalciferol 24-hydroxylase activity 
but by an increase in prostaglandin E, formation as well. 
From these findings alone, we cannot deduce whether 
the stimulation of prostaglandin E, production by 
1,25-dihydroxycholecalciferol is the consequence of 
increased intracellular concentrations of Ca°*. It is 
known, however, that the lipases of human amnion, 
which act to liberate arachidonic acid, the obligate 
precursor of the prostaglandins of the “2” series, are 
Ca’*-dependent enzymes.* Therefore we suggest that 
the mobilization of calcium in response to 1,25-dihy- 
droxycholecalciferol action in amnion could be in- 
volved in the regulation of prostaglandin synthesis in 
this tissue. 

These findings may be of physiologic significance 
since prostaglandin E, biosynthesis in human amnion 
is believed to be of central importance in the biochem- 
ical events that lead to the initiation of labor in women.? 
It has been demonstrated that late in pregnancy 1,25- 
dihydroxycholecalciferol is present in amniotic fluid.’ 
In the human, amnion is an avascular tissue, contiguous 
on one side with amniotic fluid and on the other with 
avascular chorion laeve. Thus 1,25-dihydroxycholecal- 
ciferol may reach amnion by way of amniotic fluid that 
originiated as fetal urine or else from decidua by way 
of diffusion from maternal plasma. It has been shown 
that 25-hydroxycholecalciferol la-hydroxylase activity 
is present in human uterine decidua,’* the hormon- 
ally responsive specialized endometrium of pregnancy 
that is contiguous to the fetal membranes. Thus 1,25- 
dihydroxycholecalciferol produced in decidua could 
gain access to the fetal membranes, as do other sub- 
stances, for example, prolactin, that are synthesized in 
decidua. 
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for assistance in obtaining tissues, Jesse Smith, Patrick 
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supplied generously by Dr. M. R. Uskokovic, Hoffman- 
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Comparative evaluation of antepartum and postpartum platelet 
function in smokers and nonsmokers 


M. Patricia Leuschen, Ph.D., Richard B. Davis, M.D., Ph. D., David Boyd, B.S., and 


Robert C. Goodlin, M.D. 
Omaha, Nebraska 


Platelet aggregation was analyzed during normal pregnancy by evaluation of the same patient cohort 

(n = 19) on two separate prenatal visits and at 4 weeks post partum. To analyze platelet aggregation five 
different parameters were evaluated in platelet-rich plasma and whole blood (by impedance aggregometry) 
with the use of four different aggregating agents: adenosine diphosphate, collagen, sodium arachidonate, 
and epinephrine. Plasma levels of B-thromboglobulin, thromboxane B,, ard 1,6-keto-prostaglandin F,, 
were also analyzed. Platelet counts rose 19% after delivery. Plasma levels of B-thromboglobulin and 
thromboxane B, were not significantly changed during the two antepartum visits, but B-thromboglobulin 
levels were modestly elevated post partum. Levels of 1,6-keto-prostaglandin F,, decreased significantly 
from a mean of 125 pg/ml before delivery to 50 pg/mi post partum. All antepartum parameters on whole 
blood aggregation that were significantly different from posipartum values showed enhanced antepartum 
reactivity. In platelet-rich plasma, pregnancy was associated with greater platelet reactivity except for two 
variables, time to half-maximal aggregation for epinephrine and the extent of aggregation by collagen, both 
noted during the first antepartum evaluation. When the patient cohort of 19 was subdivided according to 
smoking status, all aggregation parameters of significance (p < 0.05) demonstrated increased platelet 
reactivity during pregnancy compared with postpartum values. Smoking women accounted for a 
disproportionate number of significantly enhanced reactivity (seven variables versus three). (AM J OBSTET 


GYNECOL 1986;155:1276-80.) 


Key words: Platelet aggregation, pregnancy, smoking 


Numerous changes in hemostatic parameters have 
been reported during pregnancy. Stirling et al.' noted 
increased levels of fibrinogen and factors VII, VIII:C, 
and X as well as increased levels of fbrin-fibrinogen 
degradation products. Platelet function was not eval- 
uated in that study, although a modest decrease in 
platelet counts was observed in late pregnancy. Other 
studies have evaluated platelet function during preg- 
nancy,” * particularly in patients with preeclampsia. 
When compared with nonpregnant or pregnant control 
patients, patients with severe preeclampsia had a re- 
duction in the maximal aggregation response to a va- 
riety of aggregating agents.* Others* observed no ap- 
parent change in reactivity with collagen-induced ag- 
gregation, while Lewis et al. observed a 72% reduction 
in the amount of adenosine diphosphate required for 
irreversible platelet aggregation late in pregnancy. 

In the present study we have reexamined the issue 


From the Departments of Pediatrics, Internal Medicine, and Obstetrics 
and Gynecology, University of Nebraska Medical Center. 

Supported in part by Nebraska Department of Health Grant LB506. 

Presented at the Thirty-second Annual Meeting of the Society for 
Gynecologic Investigation, Phoenix, Arizona, March 20-23, 1985. 

Reprint requests: M. Patricia Leuschen, Ph.D., Department of Pe- 
diatrics, University of Nebraska Medicar Center, 42nd and Dewey, 
Omaha, NE 68105. 


1276 


of platelet aggregation in normal pregnancy by eval- 
uating the same patient cohort on two separate prenatal 
visits as well as 4 weeks after pregnancy. In addition, 
plasma levels of B-thromboglobulin, thromboxane B», 
and 1,6-keto-prostaglandin F,, were evaluated during 
the two antepartum and single postpartum visits. 


Methods 


Study population. Nineteen pregnant women were 
enrolled in the study after recruitment by a research 
nurse from the general and high-risk pregnancy clinics 
at the University of Nebraska Hospital and Clinic. Of 
the three women, recruited from the high-risk preg- 
nancy clinic, one woman had received treatment: for 
manic depression (a nonsmoker), one wés a recovering 
alcoholic with a portal shunt (a nonsmoker), and one 
had undergone an ileojejunal bypass (a smoker). Signed 
informed consent forms, approved by the Institutional 
Review Board of the University of Nebraska, were a 
prerequisite for inclusion in the study. All subjects were 
paid volunteers and had been informed of the main 
purpose of the study. Demographic data were obtained 
from all participants. The protocol stipulated that a 
given set of parameters would be evaluated on two 
separate visits, held between the twentieth and thirty- 
sixth weeks of pregnancy and again 4 weeks post par; 
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Fig. 1. Plasma concentrations of B-thromboglobulin before and 4 weeks after delivery (mean + SD). 


tum. The mean gestational age was 25 weeks at the 
time of the first sample and 31 weeks at the time of the 
second sample. All postpartum observations were made 
between 4 and 6 weeks after delivery. 

Smoking status was evaluated with regard to personal 
statement and alveolar carbon monoxide levels at each 
of the visits. Final assignment to the smoking groups 
was on the basis of an alveolar carbon monoxide level 
of >4%. Samples of alveolar air were analyzed on a 
carbon monoxide minicarboximeter, calibrated against 
a standard carbon monoxide air mixture. Subjects were 
instructed to hold a breath at total lung capacity for 20 
seconds and’ then exhale approximately’ half of the 
breath. The subjects then exhaled directly into the 
mouthpiece of the carboximeter until no further breath 
could be exhaled. 

Evaluation of platelet aggregation. Human platelet- 
rich plasma was used for all platelet aggregation stud- 
ies except those involving impedance aggregometry, 
where whole blood was analyzed. Blood was collected 
by a two-syringe technique into polyethylene tubes in 
the presence of one tenth volume of 3.8% sodium ci- 
trate solution and centrifuged at 21° C for 8 minutes 
at 350 X g to obtain platelet-rich plasma. Samples for 
impedance aggregometry were dispensed into cuvettes 
and diluted with an equal volume of 0.154 mol/L of 
sodium chloride solution before testing. All samples 
were maintained at room temperature until aggregom- 
etry was performed at 37° C. The final concentrations 
of reagents used for platelet-rich plasma aggregation 
studies were 3 pmol/L adenosine diphosphate, 0.2 
mg/ml of collagen, 0.3 mmol/L of sodium arachidonate, 
and 50 pmol/L of epinephrine. Impedance aggregom- 
etry was done with the use of 10 and 50 pmol/L of 
adenosine diphosphate, 0.2 mg/ml of collagen, and 0.6 
mmol/L of sodium arachidonate. Blood samples were 
obtained before eating, if at all possible. Aggregation 
was quantitated by measuring the lag time to response, 


the slope of the aggregation curve, the reaction time, 
the extent of maximal aggregation, and the E; (time 
to half-maximal aggregation). All aggregation studies 
were done with a Chronolog aggregometer (Haver- 
town, Pennsylvania), with a stirring rate of 1000 rpm. 
Platelet-rich plasma was standardized before aggrega- 
tion to 250,000 platelets per-cubic millimeter by the 
addition of platelet-poor plasma. Hematocrits were de- 
termined.at all visits and appropriate adjustment for 
citrate concentration was made if the hematocrit was 
<30% or >50%. Platelet counts of whole blood and 
platelet-rich plasma were determined by phase contrast 
microscopy, with 10% ammonium oxalate used as di- 
luting fluid. ` 

Evaluation of 8-thromboglobulin, 1,6-keto-prosta- 
glandin F,,, and thromboxane B,. Radioimmunoassay 
of B-thromboglobulin, thromboxane B,, and 1,6-keto- 
prostaglandin Fa were measured with commercially 
available kits supplied by the following manufactur- 
ers: B-thromboglobulin, Amersham/Searle, Arlington 
Heights, Illinois; thromboxane B,, New England Nu- 
clear, Boston, Massachusetts; and 1,6-keto-prostaglan- 
din Fia, New England Nuclear. 

Venous ‘blood for 8-thromboglobulin was collected 
into 1% ethylenediaminetetrdacetic acid anticoagulant, 
with prostaglandin E, (1 pg/ml) and theophylline (30 
mmol/L). The blood remained in an ice bath for 30 
minutes; then was centrifuged for 30 minutes at 4° C 
and 2000 x g. Samples were assayed in duplicate and 
the radioactivity was counted on a Beckman 5500 
gamma counter, with the counts per minute being plot- 
ted against the concentration of B- ‘thromboglobulin 
(nanograms per milliliter). 

The metabolites of prostacyclin and thromboxane A, 
were measured as 1,6- -keto-prostaglandin Fia repre- 
senting 60% to 80% of actual prostacyclin levels, and 
thromboxane B», a stable metabolite of thromboxane 
A». Blood samples were collected in polypropylene test 
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Fig. 2, Plasma concentrations of I 6- keto-prostaglandin F,, and thromboxane B, before and 4 weeks 


after delivery (mean + SD), 


Table I. Whole blood platelet aggregation: Antepartum versus postpartum values 





Aggregating agent Parameter Postpartum (mean + SEM) p Value 
Adenosine Extent First visit llg+ 1.9 64+ 1.8 0.05 
- diphosphate, Extent Second visit - 1222 ” — 0.02 
10 umol/L E; (min) Second visit ole OS. ~ 3.6 + 0.6 <0.02 
Lag time (sec) First visit 20.6 + 2 28.7 + 2.8 <0.05 
Slope (min) First visit - 2.4 + 0.4 0.9 + 0.2 <(0.01 
Adenosine Reaction time (min) First visit 8.1 + 0.09 11.0 + 8 <0.02 
diphosphate, Extent First visit 16.6 + 2.0 10.7 + 1.8 0,02 
50 pmol/L E; (min) First visit 2.1 03 3.0 + 0.3 <0.05 
Arachidonic acid, Reaction time (min) First visit 10.2 + 10 14.5 + 0.3 <0.01 
600 pmol/L: Lag time (sec) First visit 17@ + 17 231530 + 14 <0.01 
~ a Second visit 1722-15 — <0.02 
Collagen, Reaction time (min) First visit 9.22 1] 13.3 + 0.5 <0.01 
200 pg/ml l l Second visit 10.9 + 2.0 — 0.05 
E: (min) First visit 4.8 + 03 7.1 0.6 <0.01 
Second visit 4.6 + 0.5 — 0:02 

tubes containing the prostaglandin synthetase inhibitor Results 


indomethacin. The plasma was isolated immediately, 
frozen, and stored at -80° C. The metabolites were 
isolated and separated on Bond-eluet columns (Ana- 
lytichem Intl., Harbor City, California) according to 
standard procedures. Results for radioimmunoassay 
were obtained by use of standard dose-response curves 
and data were normalized to picograms of prostaglan- 
din per milliliter of plasma. 

Demographic data on infants born to the study 
group. Standard demographic data were collected on 
all infants born to the cohort of 19 women. The pa- 
rameters evaluated included SEX, birth weight, length, 


head circumference, hematocrit, gestational age at de- - 


livery, Apgar scores, type of delivery, and maternal 
and/or fetal complications. 

Data were statistically analyzed with the aid of a 
TRS-80 Model II microcomputer. Descriptive statistics 
were run with the aid of the Quant-systems Stat-pak. 
In those instances in which data were distributed non- 
parametrically, comparisons were made with the Krus- 
kal-Wallis analysis by rank. Platelet aggregation studies 
were analyzed by the Student ¢ test. 


Platelet counts rose 19% after delivery, as did the 
mean hematocrit (33.5% before delivery, 40% post par- 
tum). Plasma levels of -thromboglobulin (Fig. 1) and 
thromboxane B, (Fig. 2) were statistically unchanged 
throughout pregnancy, although post par-:um B-throm- 
boglobulin levels were modestly higher after delivery 
compared with antepartum values. Serum 1,6-keto- 
prostaglandin F 7 levels, however, decreased signifi- 
cantly (p < 0.05), from a mean of 125 to 50 pg/ml 
post partum (Fig. 2). 

Numerous significant changes in platelet aggregation 
were. observed.- For the sake of simplicity only signifi- 
cant parameters are. illustrated here (Tables I to IID. 
The data for all 19 women were pooled (Tables I and 
II) or separated according to smoking status (Table IH) 
for comparison of antepartum and postpartum values. 
In each case the mean values of platelet aggregation 
for either the first (25 weeks gestational age) or second 
(31 weeks gestational age) antepartum visit were com- 
pared with postpartum values. When the antepartum 


_ values for the five parameters of platelet aggregation. 


for each of the four different aggregating reagents 
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Table II. Platelet-rich plasma aggregation: Antepartum versus postpartum values 











Aggregating 


agent Parameter 





Epinephrine, Exo (min) First visit 
50 pmol/L 
i Lag time (sec) First visit 
l Second visit 
Collagen, Reaction time (min) First visit 
200 pg/ml . Second visit 


First visit” 
First visit 
Second visit 


Extent (%) 
Es (min) 





Antepartum 







Postpartum 
(Mean + SEM) 


2.6 + 0.3 18 +03 © 0.02 
130 + 16 191 + 20 0.01 
96 +8 = <0.01 
6.2 + 0.6 9.5 + 0.7 <0.01 
6.1+ 0.5 a <0.01 
719 +21 78.3 + 2.5 0.03 
3.5 + 0.4 5.0 + 0.04 <0.01 
2.9+2.9 sa <0.01 


Table III. Platelet aggregation in smoking and Pi groups: Antepartum ve versus 


o values 


parameter Mean + SEM Postpartum status p Value Aggregating agent 
Antepartum, first sample 
Extent 14.0 + 3.8 3.9 + 0.7 Saishets <0.001 Adenosine diphosphate, 10 mol/L, 
l whole-blood 
Extent 18.8 + 6.9 10.0 + 7.2 Smokers «0.03 Adenosine diphosphate, 50 pmol/L, 
i whole blood 
Slope 28 +14 0.9 + 0.8 Smokers «0.005 Adenosine diphosphate, 50 mol/L, 
f - whole blood ` 
Reaction time (min) 10.2 + 2.5 13.7 + 0.8 Smokers <0.05 Arachidonic acid, whole blood 
Eo -e 4.7 + 0.8 7.5 +08 Nonsmokers 0,01 Collagen, whole blood 
Reaction time (min) 6.8 + 1.3 13.6 + 0.9 Nonsmokers 0,002 Collagen, whole blood 
l Antepartum, second sample 
Extent 14.1 + 7.8 3.9 + 0.7 Smokers <0.025 Adenosine diphosphate, 10 pmol/L, 
l i whole blood 
Lag (sec) 91+ 18 169 + 97 Smokers 0.025 Collagen, platelet-rich plasma 
Reaction time (min) 5.1 1.3 9.8 + 2.7 Nonsmokers 0.001 


Collagen, platelet-rich plasma 


Table IV. Demographic data for infants born to cohort oi 19 women 









Smoking status 


Head circumference 





` of mothers (cm) 

- Smokers 3234 + 44 5l+3 85 + J 59 + 6 
Nonsmokers 7 : ; 3373 + 53 48+ 5 35 + ] 58 + 4 
Total 19, 10 9 3307 + 48 49 + 5 35 + | 59 + 5 


Values are mean + SD. 


were compared with postpartum values, there was a 


high degree of consistency. All antepartum observa- ` 


tions of aggregation in whole blood that were signifi- 
cantly different from postpartum values showed en- 
hanced antepartum platelet reactivity. In platelet-rich 
plasma pregnancy was associated with greater platelet 
reactivity with two exceptions, the E value for epi- 
nephrine and the extent of aggregation by collagen, 
both noted on the first antepartum visit. In addition, 
when patients were subdivided according to smoking 
status, all aggregation parameters of significance dem- 
onstrated increased platelet reactivity during preg- 
nancy compared with postpartum values. Both smoking 
and nonsmoking women had increased reactivity, al- 


Ei 


though enhanced reactivity among smoking women 
was disproportionately represented: (seven groups ver- 
sus three). ` 

All women in the study group were delivered vagi- 
nally. In addition to the three women identified as high 
risk at the initial enrollment (see Methods section), one 
woman from the smoking group developed toxemia. 
All infants born to the study group were delivered at 
term except one infant, born to a woman in the non- 
smoking group, delivered at 38 weeks’ gestational age 
with Apgar scores of 7 (1 minute) and 9 (5 minutes). 


` That infant weighed 2550 gm and had an unremark- 


able postnatal course. Several infants exhibited minor 
perinatal complications (for instance, meconium stain- 
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ing), but all except one had 5-minute Apgar scores of 
9 and exhibited no long-term complications. One in- 
fant, the child of the woman with manic depression, 
had Apgar scores of 5 (1 minute) and 7 (5 minutes) 
and spent 1 day in the neonatal intensive care unit for 
observation after mild perinatal asphyxia. Neurological 
evaluations on that infant were normal through 1 year 
of age. Other demographic data on infants in the study 
group were consistent with no significant differences 
between the smokers and nonsmokers (Table IV): 


Comment 


On the basis of laboratory studies, it has been sug- 
gested that. pregnancy is associated with a low level of 
intravascular coagulation, beginning as early as 11 
weeks of gestation.’ The presence of fibrin'in placental 
vessels during normal pregnancy? and a reduction in 
fibrinolytic activity’ tend to support the concept that 
localized, if not systemic, minimal intravascular ‘coag- 
ulation may occur 'in normal pregnancy. In the pres- 
ence ‘of a hypercoagulable state, platelet reactivity to 
agonists could be enhanced, since not only is thrombin 
a potent aggregating agent in itself but it augments 
platelet aggregation. produced by collagen and aden- 
osine diphosphate.’ Lewis et al.* found that platelet 
aggregation with adenosine diphosphate was enhanced 
during pregnancy. Our studies also showed evidence 
of enhanced’ aggregation in pregnant patients: with 
adenosine diphosphate as well as with arachidonic acid 
and collagen. The mean extent of aggregation with 
collagen was less marked on the first antepartum visit, 
and the, mean E, by epinephrine at the first visit was 
longer than postpartum values. All other aggregation 
values that reached statistical significance showed en- 
hanced antepartum platelet reactivity. Whigham et al.‘ 
also demonstrated an enhanced maximal rate of ag- 
gregation with arachidonic acid in pregnancy but di- 
minished aggregation in preeclamptic patients. 

“When patients were subdivided into: smoking and 
nonsmoking groups, those differences in aggregation 
that were significant also showed consistently greater 
reactivity.in antepartum samples. In a related study 
correlating platelet function in pregnancy with smoking 
status (Davis RB, Leuschen MP, Boyd D, Goodlin. RC. 
Evaluation of platelet function in pregnancy: compar- 
ative studies in non-smokers and smokers, unpub- 
lished data), we saw a significant ‘increase in throm- 
boxane B, and 1,6- -keto-prostaglandin Fa levels among 
smoking women as pregnancy progressed. Levels of 
1,6-keto-prostaglandin F,, decreased among nonsmok- 
ing women while B-thromboglobulin increased signif- 
icantly between the twentieth and thirty-third weeks of 
pregnancy in nonsmokers. An increase in platelet reac- 
tivity among smokers was documented i in whole blood 
with adenosine diphosphate and in two of four age 
cohorts with the use of platelet-rich plasma. Again the 
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only instance in which aggregation was accelerated 
among the nonsmoking pregnant women was when 
epinephrine was the aggregating agent. Data from both 
studies support the concept that smoking is assocated 
with enhanced platelet activation during pregnar.cy. 

' Other workers? have observed an enhanced produc- 
tion of malondialdehyde i in platelets from both nor- 
motensive and hypertensive pregnant women. In our 
series B-thromboglobulin values did not change signif- 
icantly during pregnancy, although preeclampsia is as- 
sociated with elevated plasma levels oz B- ce 
globulin.” 

Others}! have noticed that thromboxane B, rises in 
term pregnancy and during labor, time intervals that 
were not evaluated in the present study. Thromboxane 
B, and prostacyclin are both synthesized by the placenta 
in vitro. However, our observations of plasma concen- 
trations of thromboxane B, and 1,6-keto->rostaglandin 
F,, strongly suggest that there is an imtalance m the 
production of prostaglandins and thromboxanes dur- 
ing pregnancy. Any increase in platelet tarnover is not 
associated with elevated plasma thromboxane R and 
8-thromboglobulin levels during pregnar.cy. Neverthe- 
less, platelet reactivity, as measured by in vitro aggre- 
gation in whole blood and in platelet-rich plasma, is 
enhanced despite elevated prostacyclin production, We 
postulate that elevated levels of prostacyclin, which de- 
crease substantially after delivery, serve a protective 
funci tion by ang thrombosis i in the pregnant puent; 
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Porcine follicular fluid protein(s) inhibit rat Ovary granulosa 


cell steroidogenesis 


James R. Schreiber, M.D., and Gere S. diZerega, M.D. 


Chicago, Illinois, and Les Angeles, California 


We examined the effect of an isolated fraction of follicular fluid, termed. follicle regulatory protein, on the 
production of estrogen, progesterone, and 20a-dihydroprogesterone by cultured rat ovarian granulosa 
cells. We found a stepwise decrease in estrogen production with an increasing concentration of follicle 
regulatory protein (9 to 300 g/ml) when the ceils were stimulated by 6.25 ng/ml of ovine 
follicle-stimulating hormone, but the addition of a saturating dose of ovine follicle-stimulating hormone 
(50 ng/ml) prevented the inhibitory effect of follicle regulatory protein on estrogen production. Follicle 
regulatory protein inhibited progesterone production at both low and saturating levels of ovine 
follicle-stimulating hormone. We examined whether cholesterol substrate in the form of high-density 
lipoprotein or low-density lipoprotein could overcome the follicle regulatory protein inhibition of 
progesterone and 20a-dihydroprogesterone production stimulated by follicie-stimulating hormone. At all 
concentrations of high-density and low-density lipoprotein, 75 ug/ml of follicle regulatory protein inhibited 
progesterone production by 80% to 90%. In the case of 20a-dihydroprogesterone, the presence of 
high-density and low-density lipoprotein accentuated the inhibitory effect of follicle regulatory protein. 
These results demonstrate that the effects of follicle regulatory protein on ovarian steroidogenesis depend 
on: (1) the concentration of gonadotropin, (2) the concentration of follicle regulatory protein, and (3) the 
availability of cholesterol substrate. (Am J OBsTET-GYNECOL 1986;155:1281-8.)} 


Key words: Follicle regulatory protein, steroidogenesis, high-density lipoprotein, low-density 


lipoprotein 


During the primate menstrual cycle, one follicle is 
typically chosen from a cohort of growing follicles for 
ovulation. Intraovarian factors have been suggested as 
playing a role in this selection process. In an attempt 
to better understand the intraovarian control of follic- 
ular development, diZerega et al.’ partially character- 
ized a human ovarian follicle regulatory protein that 
can suppress the response of follicles to gonadotropins. 
Follicle regulatory protein has been detected in the ve- 
nous drainage from the human ovary containing the 
preovulatory follicle,’ in human and porcine follicular 
fluid,* ° and in the media of cultured human granulosa 
cells.* In studies of the mechanism of action of follicle 
regulatory protein, diZerega et al.*° reported that fol- 
licle regulatory protein inhibited aromatase enzyme ac- 
tivity in rat granulosa cells in vivo and porcine gran- 
ulosa cells in vitro. Since estrogen, the product of the 
aromatase enzyme, is required for follicular develop- 
ment,’ follicle regulatary protein may be involved in 
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follicle selection through inhibition of estrogen pro- 
duction. 

To better understand the mechanisms of action of 
follicle regulatory protein on the ovarian follicle, we 
studied the effect of follicle regulatory protein on the 
synthesis of estrogen and progestin by cultured rat 
ovary preantral granulosa cells. This is an attractive 
model because these granulosa cells can develop the 
capacity to synthesize steroids under controlled in vitro 
conditions. 


Material and methods 
Follicle regulatory protein preparation. The pro- 


_ cedure for isolation of follicle regulatory protein has 


been described in detail.*’ In brief, porcine follicular 
fluid proteins were precipitated by the addition of sat- 
urated ammonium sulfate (1:1, v:v). The precipitate 
was dialyzed against dilute Tris buffer (20 mmol/L Tris 
hydrochloride, pH 7.5) and loaded on a column (9 by 
32 mm, bed volume 2 ml) containing agarose-linked 
matrix gel orange A (Dyematrix, Amicon, Lexington, 
Massachusetts), which had been equilibrated with 20 
mmol/L Tris hydrochloride, pH 7.5." Unbound mate- 
rial was eluted with 10 ml of Tris hydrochloride, 20 
mmol/L, pH 7.5, and bound material was eluted with 
10 ml of potassium chloride, 0.5 mol/L, in Tris hydro- 
chloride, 20 mmol/L, pH 7.5. The bound eluate frac- 
tions were dialyzed overnight against distilled water, 
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Fig. 1. Effect of follicle regulatory prozein (FRP) on follicle- 
stimulating hormone~stimulated production of estrogen (E, 
top panel), progesterone (P, middle panel), and 20a-dihydro- 
progesterone (DHP, lower panel). Granulosa cells were cultured 
for 2 days with various concentrations of ovine follicle-stim- 
ulating hormone (oFSH) alone [(—)FRP, solid line] or ovine 
follicle-stimulating hormone plus follicle regulatory protein, 
150 pg/ml [í + )ERP, broken line]. Steroid contents of the media 
were measured by radioimmunoassay. Values are mean + SE; 
n = 3 separate experiments. 


lyophilized, and stored at — 37° C. This procedure iso- 
lates approximately 5% of the total follicular fluid pro- 
tein. For use in the tissue culture experiments, the ly- 
ophilized material (follicle regulatory protein) was 
weighed and dissolved in Hepes buffer, 0.1 mol/L, pH 
7.4. All tissue culture dishes received the same volume 
of Hepes buffer, 0.1 mol/L. 

To test the possibility that the orange A column itself 
released a factor that affected granulosa cell steroido- 
genesis, a column was equilibrated with Tris hydro- 
chloride, 20 mmol/L, pH 7.5. The column was eluted 
with 10 ml of potassium chloride, 0.5 mol/L, in Tris, 
20 mmol/L, and the eluate was dialyzed against distilled 
water and made up as Hepes, 0.1 mol/L, pH 7.4. 

Lipoprotein preparation. Human low-density lipo- 
protein (LDL, density range 1.019 to 1.063 gm/ml) was 
isolated from pooled fasting normal human serum 
by preparative ultracentrifugation.’ Canine high-den- 
sity lipoprotein (HDL, density range 1.063 to 1.21 


gm/mil) was similarly prepared from fasting beagle dog 


December 1986 
Am J Obstet Gynecol 


plasma.” Isolated fractions were dialyzed against buf- 
fer containing Tris, 20 mmol/L, sodium caloride, 0.15 
mol/L, and ethylenediaminetetraacetic, 0.3 mmol/L, 
pH 7.4, and sterilized by passage through a Millipore 
filter (0.45 m). 

Granulosa cell cultures. Immature female rats 
(Sprague-Dawley, 23 to 25 days old) were hypophysec- 
tomized by Johnson Laboratories (Chicago, Illinois) 
and implanted with silicone rubber capsules (10 mm 
by 0.12 inch) containing 7 mg of diethylstilbestral to 
stimulate granulosa cell proliferation.'° Faur days after 
hypophysectomy, animals were put to death by cervical 
dislocation. Granulosa cells were collected and cultured 
as previously described.'’ Viable cells (2 x 10°) were 
added to 35 by 10 mm Falcon tissue culture dishes 
containing McCoy’s 5a medium supplemented with 
penicillin, 100 U/ml, streptomycin, 100 pg/ml, -glu- 
tamine, 2 mmol/L, and androstenedione, 10-7 mol/L. 
In addition, the following were added to appropriate 
cultures as indicated: human LDL, canine HDL, fcllicle 


regulatory protein, and/or ovine follicle-stimulating 


hormone [National Institutes of Health oFSH-S15. con- 
taining follicle-stimulating hormone (FSH S-1), £0 U/ 
mg, and luteinizing hormone (LH S-1), 0.04 U: mg]. 
The cells were cultured for 48 hours in a humicified 
95% air—5% carbon dioxide incubator at 37° C. The 
media were then collected, stored at — 20° C, and later 
assayed for estrogen, progesterone, and 20a-dih7dro- 
progesterone (20a-hydroxy-4-pregnen-3-one) as pre- 
viously described." The addition of follicle regulatory 
protein, up to 300 ug/ml, to media had no effezt on 
any of the radioimmunoassays. 

Analysis of possible follicle-stimulating hormone 
degradation. To test the possibility that follicle regu- 
latory protein degraded follicle-stimulating hormone 
under our culture conditions, we incubated [I Rodo- 
oFSH, 50 ng/ml, with follicle regulatory protein, 300 
ug/ml, bovine serum albumin, 300 pg/ml, or prcnase, 
300 ug/ml (Sigma, St. Louis, Missouri) in McCoy’s me- 
dium. ['*I]Jiodo-oFSH was prepared by the chlorzmine 


' T method. After incubation for 2 days a: 37° C in the 


5% carbon dioxide—95% air incubator, media were re- 
moved and assayed for [I ]iodo-oFSH dezradaticn. To 
1 ml of medium was added 50 pl of bovine serum albu- 
min, 5 mg/ml, and 250 pl of 50% trichloroacetic acid 
to precipitate nondegraded ['*] Jiodo-oF SH. After cool- 
ing to 4° C for 4 hours, media were centrifuged et 800 
x g for 10 minutes, and the precipitate (nondegraded 
lI liodo-oFSH) and supernatant (degraded ['I_iodo- 
oFSH) were counted in the gamma counter. Wita this 
technique, follicle regulatory protein dic not dezrade 
['*T]iodo-oFSH while pronase degraded one half the 
['**]Jiodo-oFSH to trichloroacetic acid-soluble maz<erial. 

Statistical analysis. Statistical analysis was perfcrmed 
with Student’s £ test. 
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Fig. 2. Effect of an increasing concentration of follicle regu- 
latory protein (FRP) on follicle-stimulating kormone-stimu- 
lated estrogen (E) produczion. Granulosa cells were cultured 
for 2 days in medium alone (C = control), ovine follicle-stim- 
ulating hormone alone ‘F = 50 ngiml FSH, upper panel; 
F = 6.25 nglml FSH, lower panel), follicle-stimvlating hormone 
‘plus increasing concentrations of follicle regulatory protein 
(F + FRP), or follicle regulatory protein alone, 300 pg/ml 
(FRP, No F). Media were assayed for estrogen by radio- 
immunoassay. Values are mean + SE; n = 3 separate ex- 
periments. 


Results 


We first studied the effects of follicle regulatory pro- 
tein, 150 ug/ml, on follicle-stimulating hormone—stim- 
ulated production of estrogen, progesterone, and 20a- 
dihydroprogesterone by cultured rat ovarian granulosa 
cells. As shown in Fig. 1 (upper panel), ovine follicle- 
stimulating hormone, 6.25 ng/ml, stimulated the pro- 
duction of 2.6 ng of estrogen during the 48 hours of 
culture while ovine follicle-stimulating hormone, 12.5 
ng/ml, maximized estrogen production (4.1 ng/48 hr). 
The addition of follicle regulatory protein, 150 ug/ml, 
concomitantly with the follicle-stimulating hormone 
significantly (t test, p < 0.001) inhibited estrogen pro- 
duction by 70% when the cells were stimulated by ovine 
follicle-stimulating hormone, 6.25 ng/ml. In contrast 
follicle regulatory protein inhibited estrogen produc- 
tion by only 23% when the cells were stimulated by 
ovine follicle-stimulating hormone, 50 ng/ml. In Fig. 1 
(middle panel), the inhibition of follicle-stimulating hor- 
mone—stimulated progesterone production by follicle 
regulatory protein is depicted. Throughout the dose 
range of follicle-stimulating hormone tested, the con- 
comitant addition of follicle regulatory protein, 150 pg/ 
ml, significantly (¢ test, p < 0.001) inhibited progester- 
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Fig. 3. Effect of an increasing concentration of follicle regu- 
latory protein on follicle-stimulating hormone~stimulated 
progesterone (P) production. Granulosa cells were cultured 
for 2 days in medium alone (C = control), ovine follicle-stim- 
ulating hormone alone (F = 50 ng/ml FSH, upper panel; 
F = 6.25 ng/ml FSH, lower panel), follicle-stimulating hormone 
plus increasing concentration of follicle regulatory protein 
(F + FRP), or alone, 300 pg/ml (FRP, No F). Media were 
assayed for progesterone by radioimmunoassay. Values are 
mean + SE; r = 3 separate experiments. 


one production by >75%. In Fig. 1 (botton panel), the 
interaction of ovine follicle-stimulating hormone and 
follicle regulatory protein on 20a-dihydroprogesterone 
production is shown. At high doses of ovine follicle- 
stimulating hormone (25 and 50 ng/ml), added follicle 
regulatory protein had little effect. At low doses of 
ovine follicle-stimulating hormone (6.25 and 12.5 ng/ 
ml), the results were variable. In the experiment shown 
follicle regulatory protein inhibited 20a-dihydropro- 
gesterone production by about 50% but this varied in 
repeated experiments (n = 6) from 50% to 0% inhi- 
bition. In all experiments the effect of follicle regula- 
tory protein was more pronounced on progesterone 
production than on 20a-dihydroprogesterone pro- 
duction. 

The data presented in Fig. 1 suggest that increasing 
the concentration of ovine follicle-stimulating hormone 
can reverse the inhibitory effect of follicle regulatory 
protein on estrogen production. We examined this pos- 
sibility in more detail in the experiment presented in 
Fig. 2. In cells stimulated by ovine follicle-stimulating 
hormone, 6.25 ng/ml, increasing concentrations of fol- 
licle regulatory protein (>19 wg/ml) were able to sig- 
nificantly (¢ test, p < 0.001) inhibit granulosa cell es- 
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Fig. 4. Reversibility of the effect of follicle regulatory protein 
on follicle-stimulating hormone—stimulated estrogen produc- 
tion. Granulosa cells were cultured for 2 days (0 to 48 hours) 
with ovine follicle-stimulating hormone alone, 6.25 ng/ml 
(groups A and C) or ovine follicle-stimulating hormone, 6.25 
ng/ml, plus follicle regulatory protein, 37.5 g/ml (groups B, 
D and E}. The media were removed and assayed for steroids. 
The cells were cultured for 2 days ‘48 to 96 hours) with 
ovine follicle-stimulating hormone alone, 50 ng/ml (groups A 
and B), 6.25 ng/ml (groups C and D), or 6.25 ng/ml plus follicle 
regulatory protein, 37.5 ug/ml (group £). Media were assayed 
for estrogen by radioimmunoassay. Values are mean + SE; 
n = 3 separate experiments. | 


trogen production to a maximum of 75% inhibition 
(Fig. 2, lower panel). Raising the concentration of ovine 
follicle-stimulating hormone from 6.25 to 50 ng/ml re- 
sulted in a twofold increase in estrogen production 
(Fig. 2, bars on top and bottom panels), and follicle reg- 
ulatory protein (up to 300 pg/ml) then had little effect 
on estrogen production stimulated by this saturating 
concentration of ovine follicle-stimulating hormone (50 
ng/ml, Fig. 2, upper panel). Follicle regulatory protein 
alone, up to 300 pg/ml, did not stimulate estrogen pro- 
duction (bars, right side of Fig. 2). 

In Fig. 3, the same interaction of ovine follicle-stim- 
ulating hormone and follicle regulatory protein on pro- 
gesterone production is presented. Increasing the con- 
centration of ovine follicle-stimulating hormone from 
6.25 to 50 ng/ml resulted in a twentyfold increase in 
progesterone production (Fig. 3, bars in lower and upper 
panels). In contrast with its effect on estrogen, follicle 
regulatory protein was able to inhibit progesterone pro- 
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duction at both follicle-stimulating horrmone concen- 
trations. Follicle regulatory protein at concentrations of 
150 and 300 ug/ml significantly (¢ test, p < 0.001) in- 
hibited follicle-stimulating hormone-stimulated pro- 
gesterone production by 75% to 80%, while 59% in- 
hibition was achieved by follicle regulatory protein, 30 
to 6C ug/ml. Follicle regulatory protein alone (300 ug/ 
ml) stimulated progesterone production one fourth as 
well as the low concentration of follicle-stimulating hor- 
mone (6.25 ng/ml) (bars, right side of Fig. 3). 

The follicle regulatory protein preparation was de- 
termined to be heat labile. Heating the follicle regu- 
latory protein—Hepes stock solution (by placing it in a 
90° C water bath for 5 minutes before tts addition to 
the granulosa cell culture) completely destroyed the 
ability of follicle regulatory protein to inhibit estrogen 
and progestin production stimulated by ovine follicle- 
stimulating hormone, 6.25 ng/ml. 

The eluates off the orange A column not loaded with 
porcine follicular fluid had no effect on estrogen or 
progestin synthesis by granulosa cells stimulated by 
ovine follicle-stimulating hormone, 6.25 ng/ml. The 
volume of eluate added to each tissue culture dish was 
equivalent to the volume of eluate needed to prepare 
150 ug of follicle regulatory protein. 

Results of experiments determining tke reversibility 
of the inhibitory effects of follicle regu.atory protein 
on estrogen production are shown in Fig. 4. Cells were 
cultured for 48 hours with ovine follicle-stimulating 
hormone alone, 6.25 ng/ml (groups A and C) or with 
ovine follicle-stimulating hormone, 6.25 ng/ml, plus 
follicle regulatory protein, 37.5 pg/ml ‘groups B, D, 
and E) (Fig. 4). The media were removed and the cells 
were reincubated with new media for ancther 48 hours 
with ovine follicle-stimulating hormone, 40 ng/ml 


‘(groups A and B), 6.25 ng/ml (groups C and D), or 6.25 


ng/ml plus follicle regulatory protein, 37.5 pg/ml. 
(group Æ). Follicle regulatory proteir significantly 
(t test, p < 0.005) inhibited follicle-stimulating hor- 
mone—stimulated estrogen production by 65% (groups 
A ard C versus groups B, D, and E} during the first 
48 hours of culture (Fig. 4). Reincubating the cells with 
ovine follicle-stimulating hormone, 50 ng/ml, during 
the second 48 hours stimulated the cells to produce 
8.2 ng of estrogen whether or not the cells had been 
previously exposed to follicle regulatory protein (group 
A versus group B). Reincubating the cells with ovine 
follicle-stimulating hormone, 6.25 ng/ral, stimulated 
the cells to produce 5.1 ng of estrogen in cells not 
previously exposed to follicle regulatory protein (group 
C) but only 3.2 ng of estrogen in cells zhat had been 
exposed to follicle regulatory protein (group D). Con- 
tinued exposure to follicle regulatory protein resulted 
in a 75% inhibition of estrogen production (group D 
versus group E, 48 to 96 hours of culture). In this 
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Fig. 5. Effect of canine HDL (cHDL) on the interaction of follicle-stimulating hormone and follicle 
regulatory protein on the granulosa cell production of progesterone (P, right panel) and 20a-dihy- 
droprogesterone (DHP, left panel). Granulosa cells were cultured for 2 days in medium alone 
(C = control), follicle-stimulating hormone alone (6.25 ng/ml) or follicle-stimulating hormone plus 
an increasing concentration of canine HDL (FSH, solid line), or follicle-stimulating hormone and 
follicle regulatory protein, 75 pg/ml, with or without an increasing concentration of canine HDL 
(FSH + FRP, broken line). Media were assayed for steroids after ‘ether extraction. Values are 


mean + SE; n= 3 separate experiments. 


experiment we also examined the effect of follicle reg- 
ulatory protein on granulosa cell viability as determined 
by the cell’s ability to exclude trypan blue stain. While 
follicle regulatory protein inhibited estrogen produc- 
tion during the first 48 hours by 65% (Fig. 4), there 
was only a 15% decrease in granulosa cell viability 
(group A versus B). 

In repetitions of this experiment, it was noted that 
the ability of ovine follicle-stimulating hormone, 50 ng/ 
ml, to reverse the inhibitory effect of follicle regulatory 
protein on estrogen production correlated with the ex- 
tent of inhibition noted during the first 48 hours of 
culture. For example, when estrogen production was 
inhibited 85% to 90% by follicle regulatory protein dur- 
ing 0 to 48 hours of culture, stimulation of these gran- 
ulosa cells by ovine follicle-stimulating hormone, 50 ng/ 
ml, during 48 to 96 hours resulted in only one half the 
production of estrogen when compared with granulosa 
cells not exposed to follicle regulatory protein. As noted 
in Fig. 4, ovine follicle-stimulating hormone, 50 ng/ml, 
totally reversed the effect of follicle regulatory protein 
when estrogen production was inhibited only 65% by 
follicle regulatory protein during hours 0 to 48. 

The effect of canine HDL on the interaction of ovine 
follicle- -stimulating hormone and. follicle’ regulatory 
protein is shown in Fig. 5. In cells stimulated by ovine 
follicle- -stimulating hormone, 6.25 ng/ml, there was a 
linear increase in the production of 20a-dihydropro- 
gesterone as the concentration of canine HDL in- 
creased from 3 to 30 pg/ml (Fig. 5, left panel). Media 
concentrations of 20a-dihydroprogesterone, ` in cul- 
tures with added canine HDL, reached levels tenfold 
those of cultures without added canine HDL. Concen- 


trations of canine HDL >30 ug/ml had little further 
effect. Added follicle regulatory protein (75 pg/ml), in 
the absence of canine HDL, induced only a 20% de- 
crease in 20a-dihydroprogesterone production. How- 
ever, as increasing concentrations of canine HDL were 
added to the culture, follicle regulatory protein, 75 pg/ 
ml, was able to significantly inhibit (t test, p < 0.001) 
the canine HDL effect by 95% (follicle- -stimulating hor- 
mone versus follicle- -stimulating hormone with or with- 
out follicle regulatory protein with canine HDL, 30 to 
100 pg/ml). Similar results were found with progester- 
one. Follicle regulatory protein, in the absence of canine 
HDL, significantly. (¢ test, p < 0.001) inhibited follicle- 
stimulating hormone-stimulated progesterone pro- 
duction by 90% (Fig. 5, right panel). Added canine HDL 
stimulated a 100% increase in progesterone production 
while follicle regulatory protein continued to signifi- 
cantly (t test, p < 0.001) inhibit the production of pro- 
gesterone in the presence of follicle-stimulating hor- 
mone and canine HDL by 90%. | 

Similar effects of follicle regulatory protein were ob- 
served when progestin synthesis was augmented by 
added human LDL (Fig. 6). There was a stepwise in- 
crease in 20a-dihydroprogesterone production with an 
increasing concentration of added’ human LDL by 
granulosa cells stimulated by ovine follicle-stimulating 
hormone, 6.25 ng/ml (Fig. 6, left panel). In the absence 
of added human LDL, follicle regulatory protein, 75 
ug/ml, induced a nonsignificant increase in 20-dihy- 
droprogesterone production. However, follicle regu- 
latory protein significantly (t test, p < 0.05) inhibited 
20a-dihydroprogesterone in cultures containing hu- 
mian LDL, =30 pg/ml (85% inhibition with LDL, 100 
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Fig. 6. Effect of human LDL (hLDL) on the interaction of follicle-stimulating hormone and follicle 
regulatory protein on the granulosa cell production of progesterone (P, right panel) and 20a-dihy- 
droprogesterone (DHP, left panel). Granulosa cells were cultured for 2 days in medium alone 
(C = control), fellicle-stimulating hormone alone (6.25 ng/ml) or follicle-stimulating hormone plus 
an increasing concentration of human LDL (FSH, solid line), or FSH and follicle regulatory protein 
75 ug/ml, with or without an incréasing concentration ‘of human LDL (FSH + F RP, broken line). 
Media were assayed for steroids after ether extraction. Values are mean + SE; n= 3 separate 


i 


pg/ml). Follicle-stimulating hormone stimulated an 
eightfold increase in progesterone production (Fig. 6, 
right panei) and added follicle regulatory protein sig- 
nificantly (¢ test, p < 0. 001) inhibited this increase by 
57%. Human LDL aùgmented follicle-stimulating hor- 
mone~stimulated progesterone production sixfold and 
this increase was inhibited by the concomitant admin- 
istration of follicle regulatory protein (60% inhibition 
with LDL, 100 pg/ml). | 


Comment 


The observations in this report support the presence 
of nonsteroidal, heat-labile modulators of ovarian ste- 
roidogenesis in a purified fraction of porcine follicular 
fluid. This follicular fluid regulatory protein(s) has 
been shown in vivo to inhibit human menopausal go- 
nadotropin—mediated increases ir: rat ovarian weight 
and serum estradiol concentrations.” In previous stud- 
ies of the mechanism of follicle regulatory protein ac- 
tion the in vitro administration cf follicle regulatory 
protein inhibited porcine granulosa cell aromatase ac- 
tivity,” which is confirméd and extended in this report 
to include rat granulosa cells. In addition we found that 
while follicle regulatory protein inhibits the’ induction 
of rat granulosa cell aromatase activity by low concen- 
trations of ovine follicle-stimulating hormone, saturat- 
ing concentrations’ of ovine follicle-stimulating hor- 
mone can overcome this inhibitory ‘effect of follicle 
regulatory protein. The mechanism of the follicle reg- 
ulatory protein inhibitory action on follicle-stimulating 
hormone-stimulated aromatase activity remains un- 
known, but follicle regulatory protein does not directly 
alter follicle- -stimulating hormone binding to the gràn- 
ulosa sa gell gece ptor m this repoti with the use of Try- 


* y 
PAN Sete 


ESS ee 


Lee eC 4 


‘4 


pD AF 
$ if Be 


pan blue andthe reversibility of the follicle regu.atory 
protein effect (Fig. 4), we have shown that the inhibi- 
tion. is not due to granulosa cell. death. In addition 
follicle regulatory protein does not exert its effect by 
degrading follicle-stimulating hormone to amino acids. 
In control experiments, we demonstrated that the in- 
hibitory factors are found in follicular fluid and aze not 
a contaminant off the orange A column. — 

This report extends our knowledge of the actions of 
follicle regulatory’ protein on steroidogenesis by derm- 
onstrating a stepwise decrease in’ follide-stimulating 
hormone-stimulated progesterone secre-ion due to an 
increasing concentration of added follicle regulatory 
protein. In contrast to the effect of follicle regulatory 
protein on estrogen production, a saturating ccncen- 
tration of follicle- -stimulating hormone is unable to 
overcome the follicle regulatory protein—mediated i in- 
hibition of progesterone production, Further tke ad- 
dition of cholesterol substrate in the form of lipop-otein 
(Figs. 5 and 6) does not reverse the inkibitory action 
of follicle regulatory protein on steroidogenesis. The 
inhibition of rat ovarian granulosa cell progesterone 
production by follicle regulatory protein is consistent 
with the previous report demonstrating an inverse re- 
lationship between progesterone concentzation and fol- 
licle regulatory protein activity in spent media from 
human granulosa cell cultures.‘ 

The data in this report also demonstrate that follicle 
regulatory protein influences rat ovarian granulosa cell 
20a-dihydroprogesterone production. Howeve:, the 
éffects of follicle regulatory protein on the prodction 
of this steroid are complex. To try to gain a better | 
understanding of the actions of follicle regulatory pro- 
tein, we provided the granulosa cells with cholestero| 


Volume 155 
Number 6 


substrate i in the form of canine HDL and human LDL. 
We reasoned that if follicle regulatory protein was hav- 
ing effects on steroidogenic enzymes, the effects would 
be more evident and consistent if maximum rates of 
steroid: synthesis were assured by providing sufficient 
cholesterol substrate. We have. shown previously that 
lipoproteins increase 20a-dihydroprogesterone pro- 
duction fivefold: to tenfold in rat ‘granulosa cells cul- 
tured in serum-free medium.” Cells in serum-free me- 
dium must manufacture their own cholesterol and can- 
not provide as much cholesterol as lipoproteins, Both 
HDL and LDL were tested since rat granulosa cells use 
each of these classes of lipoproteins by separate path- 
ways. Canine HDL was chosen because it contains pre- 
dominantly apoprotein A-I”, the apoprotein recog- 
nized by the putative HDL’ receptor. Human LDL 
was chosen because it contains predominantly apopro- 
tein B, the apoprotein recognized by the LDL receptor. 
Here we report that follicle regulatory protein blocks 
the utilization of cholesterol from both the HDL and 
LDL pathways as is evidenced by a reduction in 20a- 
dihydroprogesterone production. 

The data in this report are consistent with the results 
of Chari et al.,* who found that proteins from human 
follicular fluid, which bind to orange A, inhibit estradiol 
secretion by cultured porcine granulosa cells. In ad- 
dition they found that human plasma proteins fail to 
exert an inhibitory effect in the biologic test system 
used, which indicated to them that the orange A~bound 
proteins that suppress estradiol synthesis are pectic to 
the follicular fluid proteins. 

These studies of the interactions of follicle regulatory 
protein with rat ovarian granulosa cells offer possible 
explanations for previously reported findings in the 
human ovary of the normal cycling woman.’ diZer ega 
et al* observed a negative correlation between follicular 
fluid „progesterone concentration and follicle regula- 
tory protein activity. This agrees with the findings in 
this report of follicle regulatory protein inhibition of 
progesterone synthesis in vitro irrespective of follicle- 
stimulating hormone concentrations in the culture me- 
dia. However, diZerega et al.° found a positive corre- 
lation between the activity of follicle regulatory protein 
and estrogen concentration in follicular fluid from hu- 
man follicles, even though follicle regulatory protein 
inhibits estrogen production by isolated granulosa cells. 
It has been previously shown that human follicles with 
the highest concentration of estrogen in the follicular 
fluid also have the highest concentrations of follicle- 
stimulating hormone..The data in this report indicate 
that high levels of follicle-stimulating hormone can 
overcome the inhibitory effect of follicle regulatory 
_ protein on estrogen synthesis by rat granulosa cells 
(Fig. 2). Therefore, the positive correlation between 
estrogen levels and follicle regulatory protein activity 
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in the ona follicle may selec the ability of a locally 
high concentration of follicle-stimulating hormone to 
block the potential inhibitory effect of follicle regula- 
tory protein. 

We postulate that follicle regulatory protein may be 
a regulator of folliculogenesis that works in concert with 
follicle-stimulating hormone and other ovarian factors 
in.the selection of the dominant follicle. It has been 
shown in both monkeys and women" that as the pre- 
ovulatory follicle assumes dominance, the other follicles 
in the cohort undergo atresia. Since withdrawal of es- 
trogen stimulation has been shown to cause follicular 
atresia, follicle regulatory protein from the dominant 
follicle may induce atresia in the other follicles by block- 
ing follicle-stimulating hormone-induced aromatase 
activity. The dominant follicle could be protected from 
the deleterious effects of follicle regulatory protein by 
the locally high levels of follicle-stimulating hormone. 
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for the ovine follicle-stimulating hormone. 
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Acute modulation of the hypothalamic- -pituitary axis by 
intravenous testosterone in normal women 


Paulo Serafini, M. D.; Paul-D. Silva, M. D., Richard J. Paulson, M.D., 
Karen Elkind-Hirsch, Ph. D., Mary iemand, B.A., and Rogerio A. Lobo, M. D. 


Los H California 


fiavana testosterone was infused ich 6 hours | in 1 23 ara women. ‘divided into five groups 
according to dose, to assess the effects of testosterone on gonadotropin secretion. Serum testosterone 
increased from 0.24 + 0.08 to- steady-state levels of 1.63 + 0.18 ng/ml in the lowést-dose group (1) and 
to 42.1 + 3.3 ng/ml in the highest-dose group (4). In’ another group (5), patients were pretreated with 
testolactone, which prevented the estradiol rise associated with-testésterone infusion. All groups except 
group 1 exhibited significant reductions in the-delta maximum responses of luteinizing hormone to 
gonadotropin- releasing hormone during testosterone infusion compared with pretreatment levels 

(p < 0.01). This was also evident for.the téstolactone group (5). There. were no observed changes in 
serum follicle-stimulating hormone. ‘Luteinizing hormone pulse frequency was decreased (p < 0.05) with 
testosterone concentrations of 27.2 + 0.77 and 42.1 + 3.3 ng/ml (groups 3 and 4), but only in the highest 
group (4) was there a decrease in pulse amplitude (p <0. 05). No luteinizing hormone pulse changes were 
observed with lower concentrations of testosterone. Plasma immunoreactive gonadotropin-releasing 
hormone levels remained undetectable or low in some of the-groups sampled. These data suggest that 
short-term infusions of testosterone inhibit hypothalamic-pituitary function of normal women when high 
doses are used, and this effect may be independent of aromatization to estrogen. (Am J OBSTET GYNECOL 


1986;155:1288-92.) 


Key words: Testosterone, luteinizing hormone, pituitary, gonadotropin-releasing hormone, 


anovulation 


_ Androgen appears to have direct effects on the ovary, 
influencing follicular development! and inducing mor- 
phologic changes.’ Although direct inhibitory effects 
of testosterone none dihydrotestosterone on the hypo- 
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thalamic-pituitary axis of men have been demon- 
strated,>* no such study has been carriec out in normal 
women. . 

Estradiol i iS known to be the principal ovarian steroid 
that modulates pituitary gonadotropin release.*-’ Nev- 
ertheless, while testosterone may serve largely as a pre- 
hormone, being converted ‘to estradiol t9 exert its cen- 
tral biologic activity, =” the data from studies ja men 
demonstrate a: direct effect of androgen on the hypo- 


. thalamic-pituitary axis.> "* 


Because no information exists concerning the short- 
term effects of testosterone on gonadotropin secretion 
and pituitary responsiveness to gonadotropin-releasing 
hormone in normal women, this study was carried out 
for this purpose. We evaluated the short-term effects 
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of varying doses of intravenous testosterone on various 
parameters of hypothalmic-pituitary function in nor- 
mal ovulatory women and have included a group of 
patients pretreated with the aromatase inhibitor tes- 
tolactone. 


Material and methods 


Twenty-three nonobese ovulatory women, aged 18 
to 33, were studied during the early follicular phase of 
the menstrual cycle (days 2 to 7). These women had a 
history of regular menses (cycle intervals of 27 to 31 
days), documented ovulation by serum progesterone 
levels >5 ng/ml in the previous cycle, and normal base- 
line values of testosterone ranging between 28.7 and 
64.3 ng/dl. None had received oral contraceptives for 
3 months before study and no patient received other 
medications. All subjects were thoroughly counseled 
concerning the nature, purpose, and possible risks in- 
volved in the study. This protocol had been reviewed 
by the Institutional Review Board and informed con- 
sent was obtained from all participants. 

Experimental design. The subjects were admitted to 
the Clinical Research Center at 7:00 am in the fasting 
state. The patients were not permitted to sleep or smoke 
during this admission, Venous blood was collected 
throughout the study at 10-minute intervals from an 
antecubital vein. In the contralateral arm a continuous 
infusion of normal saline solution, at a rate of 60 ml/ 
hr, was administered. Baseline blood sampling was ob- 
tained during a period of 3 hours. An intravenous bolus 
administration of 100 ug of gonadotropin-releasing 
hormone (Factrel, Ayerst Labs., New York, New York) 
was given after the 3-hour baseline sampling. Two 
hours after the gonadotropin-releasing hormone chal- 
lenge, chromatographically pure testosterone (Sigma 
Chemical Company, St. Louis, Missouri) was infused 
intravenously for a period of 6 hours. The testosterone 
was dissolved in 95% ethanol, double-filtered on a Mil- 
lex G-S 0.22 wm Millipore filter, and mixed with normal 
saline solution. This solution was freshly prepared be- 
fore each infusion. The doses of testosterone were cho- 
sen to represent from two to 10 times the normal daily 
blood production rate of testosterone. In so doing, the 
infusions provided peripheral blood levels of testoster- 
one ranging from those found in patients with poly- 
cystic ovary syndrome to those patients harboring an 
ovarian tumor. The testosterone solution was admin- 
istered by an IVAC (Life Care, Abbott Laboratories, 
North Chicago, Illinois) infusion pump at the rate of 
60 ml/hr. According to the dose of testosterone ad- 
ministered, the patients were divided into five groups: 
1, 80 we/hr (n = 7); 2, 100 pg/hr (n = 5); 3, 500 pg/ 
hr (n = 5); 4 = 1000 ug/hr (n = 3); 5, 500 we/hr plus 
testolactone (n = 3). Four hours after the beginning of 
the testosterone infusion, a second bolus of 100 pg of 
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gonadotropin-releasing hormone was given. The pa- 
tients in group 5 had been studied previously (infusions 
performed 23 months earlier) and received testos- 
terone and testolactone. Testolactone (Teslac, E. R. 
Squibb, Princeton, New Jersey) was given at dosages of 
250 mg every 6 hours for the preceding 3 days fol- 
lowed by 500 mg ingested on the morning of the in- 
fusion. 

In addition to these women participating in the tes- 
tosterone infusion, three other women received sepa- 
rately two intravenous boluses of 10C ug of gonado- 
tropin-releasing hormone given 6 hours apart, without 
testosterone. This was carried out to assess the effect 
of repeated boluses of gonadotropin-releasing hor- 
mone given 6 hours apart. 

Measurements. Plasma luteinizing hormone was 
measured in all blood samples throughout all infusions. 
Plasma follicle-stimulating hormone was measured 
during infusion in patients of group 4 (1000 pg/hr). 
Testosterone and estradiol were measured in baseline 
samples and in plasma samples between 60 and 120 
minutes to establish infusion values for these steroids 
and to confirm the establishment of steady-state con- 
ditions. Plasma for all these measurements was im- 
mediately centrifuged at the end of each infusion and 
stored at — 20° C until analyzed. 

Plasma immunoreactive gonadotropin-releasing hor- 
mone was measured separately before the administra- 
tion of the two intravenous boluses of gonadotropin- 
releasing hormone in three patients in group 4 (1000 
pg) and in three from group 2 (100 wg). Ten milliliters 
of blood was obained every 4 minutes during a period 
of 20 minutes and immediately centrifuged. Twenty 
milliliters of methanol was added to 4 ml of plasma for 
the separation of gonadotropin-releasing hormone ac- 
cording to the method previously described.’ Immu- 
noreactivity of gonadotropin-releasing hormone was 
determined by radioimmunoassay." 

Gonadotropins (luteinizing hormone and follicle- 
stimulating hormone), estrone, estradiol, and testos- 
terone were measured by radioimmunoassay." ° Intra- 
assay and interassay coefficients of variation for go- 
nadotropins did not exceed 7% and 15%, respectively. 

A luteinizing hormone pulse was defined as an in- 
crease of =25% (greater than three coefficients of vari- 
ation) in the concentrations above the preceding nadir 
(minimum of two values).® Luteinizing hormone am- 
plitude was calculated as the percentage change from 
nadir to peak of each pulse. The luteinizing hormone 
response to gonadotropin-releasing hormone was an- 
alyzed by delta maximum responses after each intra- 
venous bolus. The data were analyzed by paired and 
unpaired Student’s é tests, as well as by analysis of var- 
iance. Spearman’s correlation coefficient was used to 


- calculate the significance of correlations. 
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Table I. Serum levels of testosterone and estradiol before testosterone infusion and levels achieved with 


various doses of testosterone 


Testosterone Estradiol 
(ng/ml) (pg/ml) 
Before mfusion 0.24 + 0.08 49.3 + 12.5 
(groups | to 5) 
Group | 1.63 + 0.18* 59.7 + lI 
Group 2 4.43 + 0.38* 89.5 + IC 
Group 3 97.2 07 7* 125.5 + 34.77 
Group 4 42.1 + 3.3* 202.7 + 4E.1¢ 
Group 5 21.0 2 22" 598 t 12.7 


*p < 0.01, compared with preinfusion testosterone levels. 
tp < 0.05, compared with preinfusion estradiol levels. 


Table IL Serum delta maximum changes (mean + SE) of luteinizing hormone (milli—international units 


per milliliter) before and after testosterone infusion 


Group 


ee RN ae i 


Before testosterone 
After testosterone 


m= PS 
I+ I+ 


0.3 + 6.3 28, 
7.9 + 5.8 9, 


*p < 0.01, before versus after testosterone. 


Results 


The peripheral baseline concentrations of gonado- 
tropins were normal and not significantly different 
among the different groups. Serum testosterone and 
estradiol levels achieved after the different infusions of 
testosterone are depicted in Table I. Every testosterone 
infusion resulted in significantly elevated levels of tes- 
tosterone. Estradiol was elevated only in groups 3 and 
4 and was not increased after testolactone pretreatment 
(group 5). Serum estrone averaged 45.3 + 5.7 pg/ml 
before infusion and was not increased by testosterone, 
even in the highest-dose group (4). In group 4, during 
steady-state conditions, estrone averaged 43.8 + 4.7 
pg/ml. 

Changes in the delta maximum responses of lutein- 
izing hormone to gonadotropin-releasing hormone be- 
fore and after testosterone are depicted in Table II. No 
significant changes in gonadotropin responses to go- 
nadotropin-releasing hormone were observed when 
patients underwent two infusions of gonadotropin-re- 
leasing hormone, 6 hours apart, in the absence of tes- 
tosterone administration (delta maximum luteinizing 
hormone 29 + 12 versus 30.2 + 11.7 mIU/ml). A sig- 
nificant and consistent effect was observed in the delta 
maximum responses to gonadotropin-releasing hor- 
mone in groups 2 to 5 (Table II). In the lowest dose 
group (1), no significant reduction in luteinizing hor- 
mone occurred after gonadotropin-releasing hormone. 
After testolactone (group 5), the delta maximum re- 
sponses of luteinizing hormone again were significantly 
decreased (p < 0.01). A typical patient in group 4 is 


32.4247 
13.3 + 5* 


63 + 
30.1 + 


28 + 5 
14.3 + 3* 


depicted in Fig. 1, illustrating the significant changes 
in luteinizing hormone pulse frequency, amplitude, 
and responses to gonadotropin-releasing hcrmone 
during testosterone infusion. Fig. 2 depicts the typical . 
changes in a patient in group 2 exhibiting only changes 
in the luteinizing hormone responses after gonadotro- 
pin-releasing hormone. 

A significant reduction in luteinizing hormone pulse- 
frequency was observed with the administration of 
higher doses of testosterone (groups 3 and 4) but did 
not occur in the lower-dose groups (1 and 2). Lutein- 
izing hormone pulse frequencies in groups 3 and 4 were 
0.87 + 0.08 and 0.98 + 0.14 pulses per hour before 
testosterone and 0.58 + 0.13 and 0.5€ + 0.13 pulses 
per hour after testosterone (p < 0.05). Luteinizing hor- 
mone pulse amplitude was unchanged in all groups 
except for a reduction observed in patients receiving 
the highest dose of testosterone, 73.9% + 20% versus 
46% + 10%, p < 0.05 (group 4.) 

Follicle-stimulating hormone changes were assessed 
with the highest dose of testosterone (group 4). Mean 
follicle-stimulating hormone levels were slightly in- 
creased after testosterone but did not achieve statistical 
significance (8.5 + 0.8 mIU/ml before, 13.1 + 1.4 
mIU/ml after). No changes occurred in follicle-stimu- 
lating hormone pulse frequency or amplitude- In re- 
sponse to gonadotropin-releasing hormone, -ollicle- 
stimulating hormone changes were similar before 
and with testosterone infusion (60.9% = 11.7% versus 
58.2% + 11.2%). 

Peripheral plasma immunoreactive gonadctropin- 
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Fig. I. Serum luteinizing hormone (milli—international units 
per milliliter) in a representative patient receiving the highest 
dose of testosterone (group 4) with steady-state levels of 42 
ng/ml achieved. The delta maximum changes of luteinizing 
hormone after testosterone were decreased (p < 0.01) and 
luteinizing hormone pulsatile activity before gonadotropin- 
releasing hormone (GnRH) also was decreased (p < 0.05). 


releasing hormone was measured in patients in groups 
2 and 4. In patients in group 2, plasma immunoreactive 
gonadotropin-releasing hormone was detectable in 
only some patients before testosterone (~0.5 pg/ml) 
and was 3.36 + 1 pg/ml after testosterone. In the high- 
est-dose group (4), immunoreactive gonadotropin-re- 
leasing hormone was detectable after testosterone 
(0.61 + 0.2 pg/ml) but was not different, however, 
from preinfusion levels. The level achieved in group 4 
was significantly lower than the level in group 2 
(3.36 + 1 pg/ml, p < 0.05). 


Comment 


While androgen has been implicated in causing fol- 
licular atresia’ and in inhibiting gonadotropin secretion 
in men,** '*'® no study thus far has attempted to de- 
termine the effects of androgen on the hypothalamic- 
pituitary axis of normal women. In this study, we used 
short-term 6-hour infusions of testosterone and dem- 
onstrated inhibition of luteinizing hormone responses 
after gonadotropin-releasing hormone at doses rang- 
ing from 1.5 to 50 ng/ml. While in this wide range of 
elevated levels there was no dose-response relationship 
between testosterone and the gonadotropin-releasing 
hormone response of luteinizing hormone, a threshold 
effect was demonstrated in that the lowest dose (group 
I, <2 ng/ml) did not exhibit changes. In group 5, 
with testolactone, delta maximum responses of lutein- 
izing hormone were also inhibited, suggesting that in- 
creasing estradiol concentrations are not compulsory 
for the observed changes. Although the mean delta 
maximum luteinizing hormone response in this group 
receiving testolactone was higher than that of the 
other group, each patient demonstrated significant 
decreases in luteinizing hormone with testosterone 
infusion. 
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Fig. 2. Serum luteinizing hormone (mìlli—tnternational units 
per milliliter) in a representative patient receiving the lower 
dose of testosterone (group 2) with steady-state levels of 3.2 
ng/ml achieved. The delta maximum changes of luteinizing 
hormone after testosterone were decreased (p < 0.01). 


Only when testosterone levels reached a mean of 
27.2 + 0.77 ng/ml (group 3) and higher (group 4) did 
we observe a decrease in luteinizing hormone pulsatile 
activity. Indeed pulse amplitude was only affected with 
the highest dose averaging 42.1 + 3.3 ng/ml (group 4). 
It has been demonstrated that pulsatile luteinizing hor- 
mone measurements reflect hypothalamic gonadotro- 
pin-releasing hormone discharge,” and therefore fre- 
quent sampling protocols in man have been used to 
reflect hypothalamic activity."* However, while our 
study attempts to suggest such changes with the very 
highest dose of testosterone infused, our reduced ob- 
servational periods before and after luteinizing hor- 
mone used for pulse analysis do not allow us to un- 
equivocally determine the effects of increasing testos- 
terone concentrations on hypothalamic activity. The 
abbreviated observational periods were necessary be- 
cause of concerns of more prolonged infusions of tes- 
tosterone in normal women. 

Plasma immunoreactive gonadotropin-releasing hor- 
mone was measured in an effort to assess, in a different 
way, a possible effect of testosterone on hypothalamic 
discharge of gonadotropin-releasing hormone. We pos- 
tulated that if immunoreactive gonadotropin-releasing 
hormone either increased or decreased after testoster- 
one infusion, this might corroborate the luteinizing 
hormone pulse analyses. While testosterone was ex- 
pected to inhibit gonadotropin-releas:ng hormone, we 
could not exclude the possibility that a dose-related 
bimodal effect might not occur. In our study, before 
testosterone infusion, immunoreactive gonadotropin- 
releasing hormone was only barely detectable. The fact 
that patients receiving high doses of testosterone 
(group 4) continued to have low levels of immuno- 
reactive gonadotropin-releasing hormone was not sur- 
prising. In patients receiving lower doses (group 2), 
immunoreactive gonadotropin-releasing hormone lev- 
els increased. While this does not correlate with lutein- 
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izing hormone pulse changes, we can merely suggest 
that this dose of testosterone does not appear to affect 
hypothalamic function. Increased pulses of plasma im- 
munoreactive gonadotropin-releasing hormone have 
been correlated with luteinizing hormone amplitude 
changes in previous studies. 

Apart trom the lower doses of testosterone that in- 
hibited the luteinizing hormone responses of gonado- 
tropin-releasing hormone, the doses required to inhibit 
hypothalamic activity appear to be unphysiologic and 
are above the normal male range. However, these levels 
may be achieved in the presence of gonadal tumors, 
and this study demonstrates for the first time the effects 
of raising serum testosterone by this magnitude. While 
short-term elevations in testosterone of this magnitude 
were required to produce the observed changes in lu- 
teinizing hormone, long-term exposure to lower levels 
of testosterone may produce similar changes but cannot 
be carried out in normal ovulatory volunteers. 

No significant changes were observed in follicle-stim- 
ulating hormone with the largest dose of testosterone 
and for this reason lower doses were not analyzed. This 
lack of effect, which is different from that observed in 


men, may be the result of a relative insensitivity of 


follicle-stimulating hormone to short-term infusions of 
testosterone or it may be that our protocol and sampling 
methods did not allow us to detect more subtle changes. 

In men, testosterone, dihydrotestosterone, and es- 
tradiol have all been demonstrated to inhibit the hy- 
pothalamic-pituitary axis. This study primarily simu- 
lates the overall short-term effects of increasing testos- 
terone levels that might occur in a woman with an 
ovarian tumor. However, by using testolactone, we have 
demonstrated, in a preliminary way, that the observed 
changes cannot be accounted for merely by the aro- 
matization of testosterone to estradiol and that testos- 
terone appears to have a separate effect. Furthermore 
estrone, the other estrogen produced by aromatization, 
did not increase during the testosterone infusions. 
While it is possible that aromatization in the brain is 
not completely inhibited by testolactone, our data sug- 
gest that testosterone exerts an inhibitory influence on 
the hypothalamic-pituitary axis or normal women. 
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Responsiveness of human carcinoma cells of gynecologic 
origin to 1,25-dihydroxycholecalciferol 


Wayne A. Christopherson, M.D.,* John C. Porter, Ph.D., Paul C. MacDonald, M.D.; and 


M. Linette Casey, Ph.D. 


Dallas, Texas 


In responsive tissues the induction of 25-hydroxycholecaiciferol 24-hydroxylase activity is a marker of 
1,25-dihydroxycholecalcifero! action. In this study we investigated the responsiveness of various malignant 
cells, which were derived from carcinomas of gynecologic origin, to 1,25-dihydroxycholecalciferol; we did 
so because it has been demonstrated that replication of certain malignant human. cells that are 

1 ,25-dihydroxycholecalciferol—responsive is inhibited by treatment. with this substance. We found that 
1,25-dihydroxycholecalciferol treatment caused an increase in 25- -hydroxycholecalciferol 24-hydroxylase 
activity in gynecologic carcinoma cells that were maintained in monolayer culture. The cells were 
established from ovarian, endometrial, cervical, and vaginal neoplasms. After treatment with 
1,25-dihydroxycholecalciferol (10 nmol/L) for 18. hours, the specific activity of 25-hydroxycholecatciferol 
24-hydroxylase increased between 2.4- and 49-fold in these cells. This increase in 

25- -hydroxycholecalciferol 24- -hydroxylase activity is suggestive that certain gynecologic malignancies are 
responsive to 1,25-dihydroxycholecalciferol. We also found, however, that 1,25-dihydroxycholecalcifero! did 
not act to decrease the rate of replication of these cells; indeed in ovarian adenocarcinoma cells, 
1,25-dihydroxycholecalciferol caused a decrease in doubling time; in the other cells of this study, there 
was no effect of 1,25-dihydroxycholecaiciferol on cell replication. (Am J Osster GYNEcoL 1986;155:1293-6.) 


Key words: Vitamin Ds, 24-hydroxylase, gynecologic malignancy 


1,25-Dihydroxycholecalciferol, the most active me- 
tabolite of vitamin Ds, serves a major physiologic role 
in the regulation of calcium and phosphorus homeo- 
stasis in the human.’ It is believed that the mechanism 
by which 1,25-dihydroxycholecalciferol acts in target 
tissues is similar to that of. steroid hormones,’ that 
is, high-affinity specific receptors for 1,25-diliydroxy- 
cholecalciferol have been demonstrated and character- 
ized in cytosolic fractions of bone’ and intestine,’ which 
are target organs for the vitamin. Recently, receptors 
for 1,25-dihydroxycholecalciferol have been identified 
in other human tissues, both normal and malignant. 
High-affinity specific receptors have been demon- 
strated in cytosolic fractions of breast cancer tissue, 
both in cells maintained in tissue culture®® and in ma- 
lignant mammary tissue obtained immediately after 
surgery.’ Receptors for 1,25-dihydroxycholecalcifero]l 
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also have been demonstrated in a malignant melanoma 
of human origin,’ and 1;25-dihydroxycholecalciferol 
treatment of cells from this tumor. was associated with 
a marked inhibition in the rate of cell growth (repli- 
cation).® 

In this investigation we evaluated the responsiveness 
of human vaginal squamous carcinoma cells, cervical 
squamous carcinoma cells, endometrial adenocarci- 
noma cells, and ovarian carcinoma cells, which were 
maintained in monolayer culture, to 1,25- -dihydroxy- 
cholecalciferol in two ways. First, we. determined the 
specific activity of 25-hydroxycholecalciferol 24-hy- 
droxylase in cells before and after incubation in the 
absence or presence of 1,25-dihydroxycholecalciferol 
(10 nmol/L). The induction of this enzyme can be con- 
sidered as a marker of ],25-dihydroxycholecalciferol 
action in a manner that is analogous to that of the 
induction of synthesis of the progesterone receptor in 
tissues responsive to estrogen action. Second, the effect 
of 1,25-dihydroxycholecalciferol on the growth rate of 
the cells was evaluated by determining the rate of ra- 
diolabeled thymidine incorporation into diethylstilbes- 
trol and by counting viable cells by use of a hemocy- 
tometer. 


Material and methods 


Maintenance of carcinoma cells in monolayer cul- 
ture. The cell lines used in this investigation were de- 
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Table I. Induction of 25-hydroxycholecalciferol 24-hydroxylase activity in human carcinoma cells of 
gynecologic origin in response to treatment with 1,25-dihydroxycholecalciferol 


Carcinoma cells (n) 


Vaginal squamous (3) 29 + 1.9 

Cervical squamous (3) 1.2 + 0.03 
Ovarian adenocarcinoma, (4) 394 + 20.6 
Endometrial adenocarcinoma (3) 1.3 + 0.09 


Activity of 24-hydroxylase 


(fmol! Q minimg of protein; mean + SEM) 


1 ,25-dthydroxychoilecalciferol—treated 


Fold increase 


101 + 7.7 “0,0 
38 + 4.7 31.7 
950 + 53.8 ~ 24 
G4 + 2.5 i - 49 


Confluent cells in monolayer culture were incubated in the absence or presence of 1,25-dihydroxycholecalciferol (19 nmol/L) 
for 18 hours. Thereafter the cells were harvested and the activity of 24-hydroxylase was assayed as described. 


rived from a vaginal squamous carcinoma, endometrial 
adenocarcinoma (AC-258), ovarian. adenocarcinoma, 
and a cervical squamous cell carcinoma.* '° The cells 
were maintained in monolayer tissue culture at 37° C 
in an atmosphere of air (95%) and carbon dioxide (5%). 
The culture medium was Waymouth enriched me- 
dium! that contained fetal calf serum (10%, vol/vol) 
and antibiotics and antimycotics (1%, vol/vol). The me- 
dium was changed twice weekly. _ 

Assay of 24- -hydroxylase activity. The carcinoma 
cells were grown to confluency and thence were treated 
with either 1,25-dihydroxycholecalciferol (10 nmol/L) 
in ethanol or else an equal volume of absolute ethanol 
that was added to serve as a control. After 18 to 24 
hours the cells were harvested in a solution of Tris 
hydrochloride (50 mmol/L, pH of 7.4) buffer and so- 
dium chloride (0.15 mol/L). The cells were centrifuged 
at 600 x g for 15 minutes at 4° C. The pellet of cells 
was suspended in Tris citrate (50 mmol/L, pH 7.4) 
buffer, and the cells were disrupted by sonication. 25- 
Hydroxycholecalciferol 24-hydroxylase activity was as- 
sayed by use of a modification of the method of Feld- 
man et al.’? Aliquots of the sonicates were incubated at 
37° C for 30. minutes with tritiated 25-hydroxychole- 
calciferol (4.5 x 105 dpm, 50 nmol/L), nicotinamide 
adenine dinucleotide phosphate (2.5 mmol/L), and suc- 
cinate (2.5 mmol/L) in a volume of 0.2 ml. The reaction 
was terminated by the addition of chloroform/metha- 
nol (1:2, vol/vol, 3 vol) that-contained nonradiolabeled 
24,25-dihydroxycholecalciferol (70 ng). Phases were 
separated by centrifugation; the supernatant fractions 
were washed with water (100 wl) and chloroform (200 
ul), and the aqueous phases were washed ‘again with 
chloroform (400 yl). The organic solvent was evapo- 
rated under nitrogen, and the residue was suspended 
in hexane/isopropanol (41:4, vol/vol) and chromato- 
graphed by normal-phase high-performance liquid 
chromatography on a Zorbax column (DuPont). The 
fractions that contained tritiated 24,25-dihydroxycho- 
lecalciferol were collected and purified further by re- 
verse-phase high-performance liquid chromatography 
on a CispBondapak column (Waters Associates) with 


use of a solvent system of methanol ¿water (17:3, vol/ 
vol). Purified tritiated 24,25- -dihydroxycholecalciferol 
was collected, and the radioactivity was assayed by liq- 
uid scintillation spectrometry. Corrections were made 
for procedural losses based on recovery of nonradio- 
labeled 24,25-dihydroxycholecalciferol as determined 
by monitoring absorbance of the high-performance liq- 
uid chromatography fractions at 340 nm. Protein was: 
measured by the method of Lowry et al., with use of 
bovine serum albumin as the standard. Statistical dif- 
ferences were evaluated by use of the Mann-Whitney 
test. 

Cell growth. The effect of 1,25-dihvdroxycholecal- 
ciferol on cell growth was evaluated by use of two dif- 
ferent methods, namely, by determina-ion of the rate 
of incorporation of radiolabeled thymidine into dieth- 
ylstilbestrol and by quantification of viale cells. To de- 
termine the effect of 1,25-dihydroxycholecalciferol on 
the doubling time of cells, assays were conducted in 
cells in logarithmic growth phase before the attainment 
of confluence. 

The. carcinoma cells were incubated with tritiated 
thymidine (0.2 wCi/ml) in the absence or presence of 
1,25-dihydroxychclecalciferol (1, 10, or 1000 nmol/L) 
for 24 hours. The incorporation of tritiated thymidine 
into diethylstilbestrol was quantified ty liquid scintil- 
lation spectrometry after precipitation of diethylstil- 
bestrol onto Whatman 3M filter disks with trichloro- 
acetic acid (20%, wt/vol). In other studies, cells were 
treated with 1,25-dihydroxycholecalciferol in various 
concentrations for 24 hours and thence were harvested 
by trypsinization. Viable cells were identified by exclu- 
sion of trypan blue and were counted by use of a he- 
mocytometer. Statistical differences were evaluated by 
use of the Mann-Whitney test. 


Results 


In each of the cell lines (derived from carcinomas of 
gynecologic origin) that were evaluated in this inves- 
tigation, the activity of 25-hydroxycholecalciferol 24- 
hydroxylase increased in response to treatment with 
1,25-dihydroxycholecalciferol. The activity of this en- 
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zyme varied widely among the cell lines and ranged 
from 1.2 fmol/30 min/mg of protein in the cervical 
squamous cells to 394 fmol/30 min/mg of protein in 


the ovarian carcinoma cells. The magnitude of the in- 


crease (2.4- to 49-fold) in the activity of 25-hydroxy- 
cholecalciferol 24-hydroxylase after 1,25-dihydroxy- 
cholecalciferol treatment also varied widely among cell 
lines. It is of note that the magnitude of induction was 
proportional inversely to the activity of the enzyme in 
untreated cells. These data are summarized and pre- 
sented in Table I. 

Whereas the activity of 24-hydroxylase increased in 
all cells treated with 1,25-dihydroxycholecalciferol, the 
rate of cell division was altered only in ovarian carci- 
noma cells. The rate of tritiated thymidine incorpo- 
ration into diethylstilbestrol of cells in logarithmic 
growth phase as weil as the number of viable cells (as 
determined by trypan blue exclusion and cell counting) 
increased in ovarian carcinoma cells that were treated 
with 1,25-dihydroxycholecalciferol (10 nmol/L). The 
doubling time for cells maintained in the absence of 
the vitamin was computed to be 24.5 hours, whereas 
that for cells grown in the presence of 1,25-dihydroxy- 
cholecalciferol was 21.5 hours. No effect of 1,25-dihy- 
droxycholecalciferol treatment on cell division was 
demonstrated in the other cell lines used in this study. 


Comment 


It has been demonstrated that in tissues in which 
there are receptors for 1,25-dihydroxycholecalciferol, 
treatment with this vitamin in low concentrations leads 
to an increase in the activity of 25-hydroxycholecal- 
cifero] 24-hydroxylase.'*"© Thus the induction of this 
enzyme is believed to be an excellent marker of 1,25- 
dihydroxycholecalciferol action and thence of tissue re- 
sponsiveness. By use of this marker we found that a 
variety of human carcinoma cells of gynecologic origin 
are responsive to 1,25-dihydroxycholecalciferol. Pre- 
viously others have demonstrated that receptors for 
1,25-dihydroxycholecalciferol are present in other ma- 
hgnant cell types that include breast carcinoma®’ and 
melanoma.” 

The physiologic significance of these findings is not 
clear. An inhibition in the rate of cell growth in 
response to 1,25-dihydroxycholecalciferol action has 
been reported in certain malignant cells*; in this 
study, however, we found that in cell lines derived from 
human vaginal squamous cell carcinoma, cervical squa- 
mous cell carcinoma, and endometrial adenocarci- 
noma, 1,25-dihydroxycholecalcifero] responsiveness 
was not associated with an alteration, that is, increase 
or decrease, in the rate of cell growth. Moreover, in a 
cell line derived from a human ovarian adenocar- 
cinoma, 1,25-dihydroxycholecalciferol responsiveness 

-was associated with an increase in the rate of cell 


Responsiveness of gynecologic carcinoma cells to 1,25-dihydroxycholecalciferol 1295 


growth. Thus a relationship between the rate of growth 
of malignant cells in culture and 1,25-dihydroxychole- 


_calciferol responsiveness is not predictable. 


It may be pertinent, however, to consider the rela- 
tionship between tissue 1,25-dihydroxycholecalciferol 
responsiveness and the maintenance of calcium ho- 
meostasis. Classically, tissues such as bone? and intes- 
tine* are recognized to be responsive to 1,25-dihy- 
droxycholecalciferol. It can be envisioned that 1,25-di- 
hydroxycholecalciferol responsiveness of malignant 
cells may be associated with alterations in the disposi- 
tion of calcium in such a manner as to favor the cal- 
cification of malignant tissues. Moreover, we speculate 
that the increased rate of production of prostaglandins 
that often is associated with hyperplasia and neoplasia 
may be in response to 1,25-dihydroxycholecalciferol 
action, possibly by way of a mechanism that involves an 
increase in the intracellular levels of calcium. It is 
known that the activities of phospholipase A, and phos- 
phatidylinositol-specific phospholipase C, enzymes that 
catalyze the release of arachidonic acid (the obligate 
precursor of prostaglandins of the “2” series), are in- 
creased as the concentration of calcium 1s increased. 
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Pregnancy-induced changes in resistance blood vessels 


Margaret K. McLaughlin, Ph.D., and Tara M. Keve, B.S. 


Burlington, Vermont 


This study was designed to examine the effect of reproductive status on the basic mechanical properties 
of resistance size blood vessels. The hypothesis to be tested was that pregnancy is associated with 
alterations in both the passive and active properties of blood vessels small enough to be major l 
determinants of peripheral vasculature resistance. Third-order arteries (165 um in diameter) from the 
mesenteric arcade of the rat were removed at three stages of gestation end the four stages of the estrous 
cycle. These were placed in a specially designed myograph system in which their active and passive l 
tension—internal circumference characteristics were measured. Pregnancy was found to be associated with 
a decrease i in stiffness of these vessels and a reduction in contractile ability by 20 days’ gestation. (AM J 


OBSTET GYNECOL 1986; 155:1296-9.) 


Key words: Pregnancy, circulation, rats 


_ Understanding the regulation of vascular reactivity 
during normal and pathologic pregnancies is a complex 
problem. There are numerous published studies. re- 
garding cardiovascular responses to vasoactive stimuli 
during: gestation.'! However, we are still lacking in in- 
formation about what pregnancy may do to the basic 
properties of blood vessels that are small enough to 
regulate peripheral vascular resistance and therefore 
blood pressure during gestation. 

The purpose of this study was to describe what effect 
pregnancy and the four estrous cycle stages might have 
on basic mechanical properties. of small arteries that 
contribute to peripheral vascular resistance in the rat.’ 
The two mechanical properties examined were the ac- 
tive and passive tension—internal circumference char- 
acteristics of the blood vessels. These characteristics are 
similar in principle to the active and passive length— 
tension curves of smooth muscle. 
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For these expriments the blood vessels studied were 
from the mesenteric arcade of the rat. We chose to 
examine the mesenteric circulation beczuse it receives 
a high percentage of the total cardiac output and sub- 
sequently has a major influence on total peripheral re- 
sistance and blood pressure. In addition the blood ves- 
sels can be removed and studied in a size range in which 
they are considered to be resistance vessels.’ Finally the 
rat, like other species, experiences an increase in blood 
volume and cardiac output with a decline in systemic 
blood pressure during pregnancy, indicating that there 
is a major reduction in the peripheral resistance.* These 
experiments were based on similar studies performed 


_ on blood vessels from the spontaneously hypertensive 


rat model. 


Methods 


Terminology. Force is measured directly with the use 
of a strain gauge transducer: The following parameters 
are derived from this direct measurement: (1) wall ten- 
sion, which is the wall force produced by a blood vessel 
per unit of vessel length; (2) passive wall tension, which 
is the wall tension produced by a relaxed vessel as it is 
stretched beyond its initial unstretched cr flaccid state; 
(3) active wall tension, which is the change in wall ten- 
sion occurring at a given stretch when the vessel is 
isometrically activated. 


+ 
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Table I. Morphometric parameters and length constant 


Wal | Meia z 


Cycling (n = 24) 176 + 22 

7 days (n = 5) 159 + 14 
14 days (n = 7) 163 + 34 
20 days (n = 10) 164 + 19 


Data are mean + SD. 
*p < 0.01, versus cycling. 
tp < 0.05, versus cycling. 


Animals. Virgin female Sprague-Dawley rats were 
obtained from Charles River Breeders. Rats were bred 
by us by placing a male rat and a female rat together 
at the time of estrus, which was determined by micro- 
scopic examination of a vaginal smear. The presence 
of sperm the next morning confirmed mating and this 
was designated as day 1 of gestation (term = 2] days). 
The pregnant rats were studied at 7, 14, and 20 days’ 
gestation, and the cycling age-matched controls were 
studied at all four stages of the estrous cycle. 

Vessel preparation. The method for removal and 
preparation of the rat mesenteric arteries used in these 
experiments has been previously described.*’ Rats are 
decapitated while under ether anesthesia and a section 
of mesentery 5 to 10 cm distal to the pylorus is rapidly 
removed and placed in a Krebs-Ringer buffer solution. 
Vessel segments that averaged 165 pm in diameter and 
600 um in length were dissected free from surrounding 
adipose tissue and threaded onto two 16 um wires. 
These wires were fastened to two stainless steel blocks 
that were mounted in a specially designed myograph 
system. One block was attached to a Kulite strain gauge 
force transducer (Kulite Semiconductor Products, 
Ridgefield, New Jersey); the other, to a displacement 
device. The displacement device allowed for controlled 
changes in the vessel diameter with simultaneous mea- 
surement of the wall force being produced with the 
force transducer. The blocks sit in a well in a Lexan 
structure, through which oxygenated Krebs-Ringer so- 
lution is continuously perfused. The bath temperature 
is maintained at 37° C. 

Biophysical measurements. The force transducer is 
periodically calibrated with various weights and its out- 
put is recorded on a linear chart recorder. The degree 
of displacement is measured with a Kaman measuring 
device (Kaman Sciences, Colorado Springs, Colorado), 
which is calibrated with a filar micrometer eyepiece on 
a Zeiss microscope. Vessel dimensions are measured 
with the same device, which is in turn calibrated to a 
micrometer grid under X400 power on the same mi- 
croscope. 

Solutions. The Krebs-Ringer buffer consisted of (in 
millimoles per liter): sodium chloride, 119; bicarbonate, 

24.0; potassium chloride, 4.70; potassium phosphate, 


13.6 + 2.5 65 2° 1,2 90+ 1.2 
15.8 + 4.1] 8.7 + 2,.7* 6.7 = 1.1f 
12.5 + 3.8 6.3 + 1.8 7.8 = 1.)} 
11.5 + 3.1* 56+ 1.1 7.7 + 1.0f 


monobasic, 1.18; magnesium sulfate, 1.17; calcium 
chloride, 1.60; and glucose, 5.50. When vessels were 
contracted, a depolarizing solution was used that con- 
tained calcium chloride, 5 mmol/L, and an equimolar 
substitution of potassium chloride for sodium chloride 
(activating solution). The relaxing solution was modi- 
fied Krebs-Ringer in which the calcium chloride was 
replaced with ethyleneglycol-bzs (B-aminoethyl ether)- 
N,N’-tetraacetic acid (EGTA), 1 mmol/L. 

Active and passive tension—internal circumference 
relationships. After mounting, the vessel is stretched 
to about 0.1 mN/mm of vessel length (1 mN = 102 mg) 
and allowed to equilibrate for 1 hour. The vessel is then 
stretched twice to about 0.6 mN (conditioning 
stretches). To generate the passive curve, the vessel is 
stretched incrementally 10 um at a time in eight steps. 
The vessel is held at each length for 20 seconds and 
returned to baseline between each new stretch. The 
force at each stretch is read at the end of the 20 seconds 
and the displacement is measured from the output of 
the Kaman measuring device. This passive curve was 
obtained with the vessel in either the Krebs buffer so- 
lution or the relaxing solution. It has been reported 
previously that these particular blood vessels from the 
rat exhibit no resting tone in Krebs solution (as opposed 
to a vessel such as the aorta).**? We verified this in this 
protocol by comparing the passive length—tension 
curves from the same vessels in both solutions. We dis- 
continued the use of the EGTA-Ringer’s solution at this 
point and did the remainder of the curves in the Krebs 
buffer solution. 

The active tension—internal circumference curves 
were obtained by contracting the blood vessel over a 
range of stretches that were similar to the stretched 
lengths used in generating the passive tension curve. 
Vessels were contracted with the use of the depolarizing 
solution with exposure for 4 minutes. The force gen- 
erated was read from the chart between 3 and 4 minutes 
for each vessel. The vessels were relaxed in the Krebs 
buffer for at least 15 minutes between the contractions 
in order to assure a return to baseline. 

Statistics. Morphologic data were compared with the 

‘use of two-way analysis of variance. The length constant 
from the passive curves was analyzed by a Wilcoxon 


1298 McLaughlin and Keve 


TENSION 
mN/mm 





07 08s 08 1 4.1 12 1.5 


CIRCUMFERENCE 
L/L, 


Fig. 1. The passive tension—internal arcumference relation- 
ship in cycling rats (@) (n = 24) and pregnant rats at 7 days 
(O) (n = 5), 14 days (A) (n = 8), and 20 days (O) (n = 10). 
The SD bars were obscured by the symbols. The circumference 
(L) is normalized to L, where L, = 0.8 Lion Ligg is the circum- 
ference the vessel would have at a transmural pressure of 100 
mm Hg. This value is calculated from the Law of LaPlace, 
tension = pressure/radius. 


rank sums test. The active tension—internal circumfer- 
ence curves were compared between groups by means 
of repeated measures analysis of variance. All statistics 
were performed with the BMDP statistical package 
(BMDP Statistical Software, Inc., Los Angeles, Cali- 
fornia). 


Results 


The morphologic data from these vessels are shown 
in Table I. Both the total wall thickness and the media 
thickness are reported. There would appear to be an 
initial thickening of the wall in early gestation that is 
due to a significant increase in the media thickness. 
This thins out as gestation advances such that at 20 
days’ gestation there is a significant reduction in wall 
thickness. 

Fig. 1 is an illustration of the passive tension—internal 
circumference relationship in the cycling rats and at 
the three stages of gestation. By definition, vessel stiff- 
ness is the change in tension observed with a change 
in circumferential length of the vessel. ‘This can be de- 
scribed by the constant b in the exponential function 
y = ae’. The data points for each curve from each 
vessel are fitted (r°? = 0.95) to this exponential function, 
which takes the form of T = T, exp (B, (L — L,/L,)). 
T, replaces the constant a and is the tension at L, (see 
legend, Fig. 1) and B, is the constant b that describes 
the rate of rise of the passive tension—circumference 
characteristic. This constant is the parameter used to 
compare stiffness of the curves between the groups. 

Expressing the data as a function of L, serves to place 
the curves in a similar location along the abscissa, but 
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Fig. 2. The active tension—internal circumference relationship 
in cycling rats (@) (n = 24), and pregnant rats at 7 dzys (O) 
(n = 5), 14 days (A) (n = 8), and 20 days (©; (n = 10. Data 
are expressed as the mean + SEM. 


has no influence on B,, which is the characteristic being 
compared between groups. This is a standard ncermal- 
ization process that takes into account the variability 
existing in the vessel circumference from one animal 
to the next. The original value of Lio 13 an arkitrary 
point’; Lı was chosen because it is the poir.t on the curve 
where passive tension is minimal and active tension is 
at a Maximum. | 

We found no difference between the Zour stages of 
estrus so these data have been grouped rogether. 

There was a significant reduction in B, in all three 
groups of pregnant rats when compared with the cy- 
cling animals (Table 1). This becomes evident a: nor- 
malized circumferences >1.2 L,. To place this ir. per- 
spective, the tension values are not difzerent over a 
range of circumferences from 0.6 to 1.0 L,. These are 
the circumferences that a vessel would have over a 
range of transmural pressures of about 5 to sl:ghtly 
<100 mm Hg. The curves diverge at circumferences 
at which the transmural pressure would be about 100 
mm Hg. Since collagen content appears ta be the major 
contributor to wall tension at this point on the curve 
(b), this suggests a change in collagen characteristics of 
the vessels from the pregnant animals. 

The active tension—internal circumference reletion- 
ships are depicted in Fig. 2. These data are the mean 
active tensions produced at different degrees of stretch 
in response to the activating solution. 

The shapes of the curves for each group of an:mals 
are qualitatively similar, that is, the maximum <ctive 
tension for each group was produced at equivalent 
stretches, in this instance, 1.0 L,. However, over this 
range of circumferences, the vessels from the 20-day- 
pregnant rats produced approximately 50% less ten- 
sion than those from the other two stages of gestation 
and the nonpregnant controls. 
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Comment 


Before we can fully comprehend vascular reactivity 
changes associated with pregnancy or pregnancy-in- 
duced hypertension, we must understand how preg- 
nancy affects the fundamental structural characteristics 
of the resistance circulation. These experiments were 
designed to study the impact of reproductive status on 
two fundamental characteristics of resistance-size blood 
vessels. These were the passive and active tension—in- 
ternal circumference relationships. 

The passive tension—internal circumference relation- 
ship describes the stiffness of a blood vessel. The com- 
ponents of the vascular wall, which are determinants 
of the stiffness, are primarily collagen and elastin. Col- 
lagen is relatively stiff, with elastin being much more 
distensible. The ratio of these two substances is what 
determines the shape of the passive length—tension 
curve.° In this study we found that pregnancy in the 
rat is associated with a change in the passive tension— 
internal circumference relationship, that is, the vessels 
are less stiff. There are some studies that have shown 
that estrogen treatment of ovariectomized rats will re- 
duce the rate of collagen and elastin accumulation in 
the aortic wall as well as alter the relative proportion 
of these substances. This was taken as biochemical ev- 
idence that estrogen will increase vessel distensibility.’ 
During pregnancy, Danforth et alë found histologic 
evidence that there is a change in the collagen and 
elastin contents similar to that observed in the estrogen- 
treated animals. Humphreys and Joels’ did a thorough 
study of the vascular reactivity of the hind limb of the 
rabbit during pregnancy in which they examined the 
pressure-flow characteristics of this circulation. They 
proposed from their data that pregnancy increases the 
distensibility of this circulation. All these studies pro- 
vide indirect evidence to support our findings of an 
apparent decrease in stiffness in a resistance circulation 
during pregnancy. We found some evidence of changes 
in morphologic features as well, but there is not enough 
information from the light microscopic examination to 
comment on the nature of these changes. 

The second fundamental vascular property that we 
examined was the active length—tension relationship in 
these blood vessels. This curve provides two pieces of 
information. The first is whether pregnancy alters the 
optimum length for maximum contractile ability in the 
smooth muscle. This would not appear to be the case 
as the shape of the curve during all three stages of 
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pregnancy is qualitatively similar to that in the cycling 
rats. The second piece of information provided is 
whether during pregnancy the vessel can attain the 
same contractile force as that from the nonpregnant 
rats. The depression of the length-tension curve in the 
vessels from the rats in late gestation would suggest 
that there is a loss of contractile ability in the smooth 
muscle at this stage of pregnancy in the rat. The factors 
that determine contractility are numerous. In addition 
to the actual mass of muscle tissue, these include all the 
signal processing from the initial stimulus (cell depo- 
larization) to the actual actin-myosin interaction. Preg- 
nancy, with its remarkable alteration in hormonal mi- 
lieu, has the potential for altering one or many of these 
factors, which could result in a loss of contractility, at 
least to this particular stimulus. 

In summary, this study is a description of the passive 
and active length—tension characteristics of resistance- 
size mesenteric blood vessels from the rat at different | 
stages of its reproductive cycle. Pregnancy is associated 
with a decrease in vessel stiffness and a loss of vascular 
contractility. These properties are important to the 
pressure-flow relationships and vascular reactivity of 
the blood vessels.° 
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Pregnancy after treatment in patients with prolactinoma: 


Operation versus bromocriptine 


Naguib A. Samaan, M.D., Ph.D., Pamela N. Schultz, M.D., Thomas A. Leavens, M.D., 


Milam E. Leavens, M.D., and Ya Yen Lee, M.D. 
Houston, Texas 


Prolactinoma was diagnosed in 190 wcmen of the same age range, among whom 88 were treated 

with transsphenoidal microadenectomy and 102 with bromocriptine. The purpose of this study was to 
compare the two groups according to (1) classification of the adenomas by size and invasiveness, (2) 
pregnancy rates, (3) prolactin levels after pregnancy, (4) sella-turcica changes after pregnancy, and (5) 
serum prolactin levels and radiologic changes in patients who were operated on but did not become 
pregnant or did not desire pregnancy. In the group with operation, 91% of patients who had microadenoma 
and 88% of those with diffuse adenoma conceived, but none who had invasive tumors did so. In the 
bromocriptine-treated group, among petients with no visible microadenoma or with microadenoma seen 
radiologically. 56% conceived; among those with diffuse adenoma 66% ccnceived; no patients with 
invasive adenoma were in this group. In the group with operation, 21% had higher serum prolactin levels 
and amenorrhea after pregnancy, compared with 19% in the medical treatment group and 19% in the 
group with operation who did not conceive. Of all patients studied, radiologic changes in the pituitary fossa 
were seen in only one patient undergoing operation. (Am J Opstet GYNECOL 1986;155:1300-5.) 


Key words: Prolactinoma, microsurgery, bromocriptine, pregnancy, recurrence 


Since prolactin was isolated in human beings and 
could be identified by radioimmunoassay in biologic 
fluids,’ radiologic progress has also been made in the 
form of tomography of the sella turcica and in com- 
puterized tomographic scanning of the pituitary gland. 
Soon thereafter it became evident that prolactinomas 
(pituitary tumors secreting prolactin} are the most com- 
mon type of pituitary tumors and that they probably 
constitute at least 40% of tumors previously described 


as “functionless.”? Since then, many patients have un- 


dergone the transsphenoidal selective microsurgical re- 
section introduced by Hardy,’ and since bromocriptine 
was introduced as a medical treatment for prolactino- 
mas, an equally large number of patients have been 
treated with this drug. The indications for surgical or 
medical treatment have, however, become controver- 


sial. Although many reports have compared surgical -- 
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and bromocriptine treatment of this tumor, we do not 
know of any studies in which the treatment results in 
two groups of patients whose pituitary tumors were 
classified and treated surgically or medically were com- 
pared. The purpose of our study was td compere ret- 
rospectively the results obtained in young women with 
prolactinomas of similar size treated by surgical meth- 
ods or bromocriptine according to (1) classification of 
the adenomas relative to size and invasiveness, (2) preg- 
nancy rates, (3) prolactin levels 3 months after celivery 
or cessation of lactation, (4) effect of pregnancy on the 


‘adenoma as reflected in radiologic studies of the sella 


turcica and its contents, and (5) proléctin levels and 
radiologic changes in the adenoma and sella tuzcica in 
patients who were followed up and did not conceive or 
did not desire pregnancy. 


Patients and methods 


Patients. The study included 190 women diagnosed 
as having prolactinoma and seen at Tke University of 
Texas M. D. Anderson Hospital and Tumor Institute 
at Houston between 1971 and 1984. Tne women were 
17 to 39 years of age when first seen and tkey had 
elevated serum prolactin levels (>30 ng/ml) as deter- 


‘mined in three basal samples, radiologic evidence 


of pituitary tumor according to computerized tomo- 
graphic scan or temograms of the pituitary fossa for 
pazents evaluated before computerized tomographic 
scanning was introduced, a history of amenorrhea or 
gaactorrhea or both, and infertility. Ir all of these pa- 
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tients gynecologic causes of infertility were excluded 
and the husbands were normal. The tomiograms con- 
sisted of 1 mm cuts of anteroposterior and lateral views 
of the sella turcica. After computerized tomographic 
scanning was begun, patients were studied from co- 
ronal and axial views with sagittal reconstruction of 
the pituitary fossa area. Eighty-eight patients under- 
went transsphenoidal surgical excision of the prolacti- 
noma,” * whereas the other 102, who had high serum 
prolactin levels and amenorrhea and chose medical 
treatment, were given 5 to 7.5 mg of bromocriptine 
daily. In the patients treated surgically, 48 uriderwent 
polytomography, 40 were examined by computerized 
tomographic scans, and 35 patients were evaluated by 
both techniques. In the bromocriptine-treated patients, 
39 had polytomograms, 63 patients had.computerized 
tomographic scans, and 39 had both. In all patients 
visual field measurements were taken at the time of 
diagnosis, after operation, every 3 months during preg- 
nancy, and orice after delivery or cessation of lactation. 

Classification: The patients undergoing operation 
were classified on the basis of radiologic studies and 
the appearance of the tumor at the time of the oper- 
ation according to descriptions by Laws et al.> as mi- 
croadenoma, diffuse adenoma, or invasive adenoma. 
The classification of microadenoma included tumors 
<10 mm in diameter and demarcated from the normal 
pituitary gland. Classihed as diffuse adenomas were 
tumors that filled the sella but remained confined by 
the dura, although some of these had suprasellar ex- 
tensions. Invasive adenomas were tumors that had in- 
vaded the dura or both dura and bone; some of these 
also had suprasellar extensions. 

In patients who did not undergo operation, the ra- 
diologist determined the classification of the tumor on 
computerized tomographic scanning on the basis of its 
size and extent on direct coronal or reconstructive co- 
ronal sagittal images. Microadenomas were those tu- 
mors <10 mm in diameter and sharply demarcated 
from the adjacent normal enhancing pituitary tissue. 
Diffuse adenomas were >10 mm in diameter and con- 
fined under the diaphragmatic sellae that might pro- 


trude into the supersellar cistern. Tumors that had in-. 


vaded the cavernous or sphenoid sinuses or the base 
of the skull were categorized as invasive adenomas. 

On polytomogram, microadenomas were those with 
a normal volume of the pituitary fossa with erosion of 
the anterior floor of the fossa. Diffuse adenomas were 
those with erosion of the floor with slightly enlarged 
volume of the pituitary fossa. Invasive adenomas were 
those with increased volume of the pituitary fossa with 
destruction or erosion of the adjacent bone structure 
such as the clinoids, superior roof of the sphenoid sinus, 
and tuberculum sellae. 

In some -patients in whom no tumor was apparent 
radiologically on either polytomogram or computer- 
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ized tomographic scan, the possibilities were that they 
might have a small microadenoma that was not visible 
or hyperplasia of the prolactin-producing cells, both of 
which we classified as “?” microadenoma. Thus the tu- 
mors in the medical group were identified as “?” mi- 
croadenoma, microadenoma, diffuse adenoma, and in- 
vasive adenoma. 

Before 1978, when bromocriptine was not available 
to us, operations were performed in all patients diag- 
nosed as having prolactinoma with abnormally high 
serum prolactin levels, abnormal radiologic findings, 
and amenorrhea with or without galactorrhea. The 
transsphenoidal surgical technique of Hardy* was es- 
tablished in our institute in 1971. After bromocriptine 
became available, patients were given the choice of sur- 
gical or bromocriptine treatment. Those who had no 
radiologic evidence of a tumor (the “?” microadenoma 
group) were treated with bromocriptine because it was 
our policy not to treat these patients surgically. None 
of the patients who continued to have high serum pro- 
lactin levels and amenorrhea after operation and were 
then treated with bromocriptine were included in the 
medically treated group reported on here. 

Prolactin assay. The serum prolactin level was mea- 
sured in duplicate in three basal blood samples obtained 
at — 20, — 10, and 0 minutes. The blood was obtained 
through a scalp vein needle with a heparin lock to avoid 
the stress of multiple venous punctures.. The mean of 
these samples was taken to represent the basal prolactin 
level of the patient. In the double-antibody radioim- 
munoassay that was used':* each assay included seven 
identical serum samples from seven normal control 
subjects, with the samples kept frozen separately in 
small 1 ml volumes. This was done to control interassay 
variation as well.as possible variations in the hormone 
standards received at different times. The first prolac- 
tin for labeling with radioactivity and the standards and 
antibodies were a gift from Henry Friesen, M.D., of 
Manitoba, Canada, but later we obtained these from 
the National Pituitary Agency. In each assay all un- 
known samples were compared with those of the nor- 
mal control subjects on that day. In all of our assays 
with the use of these materials, normal control values 
did not exceed 30 ng/ml, and they ranged from 4 to 
30 ng/ml. The mean level + SD in 30 normal non- 
pregnant women 15 to 40 years of age was 19 + 3 
ng/ml. 


Results 


Surgical group. In all 88 patients who were diag- 
nosed radiologically as having a tumor and who had 
high serum prolactin levels, a tumor was found. In the 
surgical treatment group, the treatment goal was total 
removal of the tumor and preservation of normal pi- 
tuitary tissue. When rates of pregnancy were compared 
in patients with microadenoma and those with diffuse 
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Table I. Results in 88 patients with prolactinoma treated surgically and tumors classified according to 


radiologic and surgical findings 


No. of patients 

Age (yr) 

No. desiring pregnancy 

No. pregnant | 

Preoperative prolactin (ng/ml) 

Postoperative prolactin (ng/ml) 

Postpartum prolactin (ng/ml) 

Length of follow-up (yr) 

No. with increased prolactin after pregnancy 


Table II. Rate of increase of serum prolactin 
in patients treated surgically who became 
pregnant compared with those who did not 










Increased 
prolactin No increase 
in prolactin 


Patients 


Achieved pregnancy 9 2d 34 
Did not achieve or ll 24 34 
desire pregnancy 


adenoma according to radiologic and surgical classifi- 
cations, the results were not significantly different be- 
cause there was 92% agreement between the radiologic 
and surgical classifications. Five patients classified ra- 
diologically as having microader:omas were found to 
have diffuse adenomas, and two patients diagnosed as 
having diffuse adenomas were found at operation to 
have invasive tumors. The classiðcation with comput- 
erized tomographic scanning was found to be more 
precise than that with polytomography. 

The mean + SD of the ages of patients in the three 
categories is shown in Table I, the difference in age 
being significantly hìgher in the group who had invasive 
tumor (p < 0.05) than in the other two groups. The 
comparison of pregnancy rates shown in Table I dem- 
onstrates that they were high in patients with micro- 
adenoma and diffuse adenoma but that no pregnancy 
occurred among patients who had invasive tumors. 
Preoperative serum prolactin levels were also lowest in 
the patients with microadenoma, but the difference 
reached a level of significance ip < 0.001) when pa- 
tients with microadenomas or diffuse adenomas were 
compared with those who had irvasive adenomas. Ex- 
cept for six patients in the micrcadenoma and diffuse 
adenoma groups, the serum prolactin levels in each 
patient after operation were within the normal range 
(4 to 30 ng/ml). In these six patients, serum prolactin 
levels were considerably lower after operation but re- 
mained above 30 ng/ml (30 to 85 ng/ml). These six 


Tumor classification 


Invasive 
45 26 17 
27.2 + 4.4 ald £59 35.3 + 12.2 
32 16 5 
29 (91%) 14 (88%) Q 
98 + 75 142 + 87 333 + 202 
29 + 2] 23 + 14 104 + 12° 
41.+ 6] 68 + 67 
3.4 + 2.0 3.5 + 2.0 5.9 + 3.6 
5 (17%) 4 (29%) 


patients had resumption of normal menses, however, 
and conceived without further treatmer.t. 

The serum prolactin levels 3 months post partum or 
after lactation were measured and compared with post- 
operative levels (Table I). In five of 2€ patients with 
microadenoma who conceived and experienced an in- 
crease in prolactin level of >10 ng/ml, the basal pro- 
lactin levels were >30 ng/ml post partum and trey ex- 
perienced a recurrence of amenorrhea. Three o7 these 
five patients had had high serum prolactin levels oefore 
pregnancy but these rose farther post partum and 
amenorrhea recurred. In the diffuse acenoma zroup, 
a postpartum increase in prolactin levels and recur- 
rence of amenorrhea occurred in four of 14 patients 
who became pregnant. Five patients with invasive tu- 
mors desired pregnancy but could not achieve t after 
operation, and serum prolactin levels ir. these patients 
remained abnormally high (Table 1). There was there- 
fore an overall increase of prolactin levels and recur- 
rence of amenorrhea in 21% of the patients treated 
surgically after pregnancy. In the patients who neither 
conceived nor desired pregnancy after operation but 
continued to be studied, the basal serum: prolact.n level 
increased to >30 ng/ml and amenorrhea recurred. The 
rate of recurrence in this subgroup was not statistically 
different from that of patients who conceived (p < 0.7) 
(Table II). 

This group of patients had no surgical mortal:ty, and 
morbidity was minimal. Three patients developed tem- 
porary diabetes insipidus, and three patients with in- 
vasive tumors required thyroid and cortisone hormone 
replacement. One of the patients with an invasive tu- 
mor required hormone replacement but later became 
pregnant and gave birth to a healthy cild after treat- 
ment with follicle-stimulating hormone and human 
chorionic gonadotropin. All other patients had normal 
cortisone levels before and after insulin hypog ycemia 
stimulation, and their thyroid hormone levels w2re also 
normal. 

Bromocriptine-treated group. The data ‘or the 
group treated with bromocriptine are shown in Ta- 
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Table ITI. Results in 102 patients treated with bromocriptine with pituitary tumors classified according to 


Tumor classification 


“2” Microadenoma Microadenoma Diffuse Invasive 


radiologic findings 
No. of patients 27 
Age (yr) 28.9 + 6.8 
No. desiring pregnancy 19 
No. pregnant 13 (68%) 
Pretreatment prolactin (ng/ml) 97 + 84 


Postpartum prolactin (ng/ml) 97 + 83 
Length of follow-up (yr) 2.52.0 
Increased prolactin after pregnancy 2 (15%) 


*p < 0.01. 


66 8 l 
28.8 + 5.4 27.5 + 1.8 
31 6 
15 (48%) 4 (66%) 
91 + 6] 100 + 49 
86 + 60 161 + 100* 
2:2 1:7 19+ 1.6 
2 (13%) 2 (50%) 


Table IV. Comparison of results in 45 surgically treated patients classified as having microadenoma with 
those of 93 medically treated patients classified as having “?” microadenoma and microadenoma 


No. of patients 


Age (yr) 27.2 + 4.4 
No. desiring pregnancy 32 
No. pregnant 29 (91%) 
Pretreatment prolactin (ng/ml) 98 + 75 
Increased prolactin after pregnancy 5 (1%) 
Length of follow-up (yr) 3.4 + 2.0 


ble III. Because only one patient had invasive adenoma, 
this classification could not be included in comparisons. 
After 6 months of treatment with 12.5 mg/day of bro- 
mocriptine, the very high pretreatment serum prolactin 
level (5000 ng/ml) of this patient returned to normal 
(<30 ng/ml), and she began having regular menstrual 
periods. Two of the patients diagnosed as having “?” 
microadenoma and treated with bromocriptine before 
pregnancy had a normal serum prolactin level post par- 
tum and had resumption of regular menses without 
treatment; this continued during the follow-up period 
of 2 years. 

During the first few weeks of bromocriptine treat- 
ment, the majority of patients (65%) experienced nau- 
sea, vomiting, and dizziness, and these persisted in 10% 
of patients. These medically treated patients were not 
as consistent, however, in keeping their follow-up ap- 
pointments as were the patients treated surgically. 

Comparison of surgically treated and bromocrip- 
tine-treated groups. In the bromocriptine-treated 
group, the patients with diagnoses of “?” microade- 
noma and microadenoma were so similar that they were 
combined for comparison purposes. The patients with 
microadenomas treated surgically were therefore com- 
pared with those treated medically for “?” microad- 
enomas and microadenomas. Table IV summarizes the 
data for these two groups. The pregnancy rates were 
significantly different, and the two groups’ durations 





Bromocripizne-treated 
“2” microadenoma, microadenoma 


93 
<0.1 28.9 = 6.1 

50 
<0.001 28 (56%) 
<0.8 94 = 73 
<0.9 4 (14%) 
<0.01 2.4+ 1.9 


of follow-up were also different. The patients treated 
surgically were followed up significantly longer, with a 
range of 2 to 13 years, compared witn 2 to 6 years for 
the bromocriptine-treated patients, primarily because 
the transsphenoidal procedure was available before 
bromocriptine. In the surgical group with diffuse ad- 
enoma, the rate of pregnancy was 88% compared with 
66% in those who were treated with bromocriptine, but 
the difference was not statistically significant (p < 0.2). 
` Later changes. One of the patients treated surgically 
experienced an increase in serum prolactin level and 
recurrent amenorrhea 4 years after operation and after 
two normal pregnancies and births, and the comput- 
erized tomographic scan showed a recurrent tumor 
without bony changes or suprasellar extension. An- 
other patient treated surgically whose prolactin level 
and computerized tomographic scan indicated residual 
tumor after operation had biochemical and radiologic 
evidence of tumor regression after pregnancy. In the 
medical treatment group two patients showed consid- 
erable tumor regression after pregnancy without bro- 
mocriptine treatment. In all other patients treated sur- 
gically and medically, no evidence of radiologic change 
occurred in the sella turcica or pituitary gland. 


Comment 


Despite a volume of studies on the management of 
patients with prolactinoma, there is no general agree- 
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ment on the best method. Radiotherapy of the pituitary 
gland,® ep enon of yttrium 90, transsphenoidal 
microsurgery,» and bromocriptine alone? have been 
recommended. 

Radiotherapy directed to the pituitary gland has 
been found to be relatively ineffective against these 
tumors.®° Besser et al.° recently reviewed the results of 
radiotherapy in 36 women with prolactinomas who had 
been checked for as long as 1] years, with a mean 
follow-up time of 4.2 years after radiotherapy. Serum 
prolactin concentration fell appreciably in 26 patients 
and became normal later in only eight patients, some 
of whom developed hypothalamic pituitary deficien- 
cies. Since external irradiation may have a long-de- 
layed damaging effect on the hypothalamic-pituitary 
axis,” patients considered for radiotherapy should be 
informed of these possible delayed complications. 

Today the two commonly used methods of treat- 
ing prolactinoma are transsphéno‘dal surgical resec- 
tion and bromocriptine administration. One research 
group" has suggested limiting surgical treatment to 
patients with suprasellar extension of the tumor or ero- 
sion of the sella turcica wall. Our experience* and the 
experience of Hardy,° Wilson and Dempsey," Faria and 
Tindall, and Laws et al.’ indicate that surgical resec- 
tion is likely to be more successful for small rather than 
large tumors. The results reported here also support 
this observation; none of the five patients with invasive 
tumors who desired pregnancy and had surgical re- 
sections achieved pregnancy, compared with 91% of 
patients with microadenoma and. 88% of those with 
diffuse adenoma. 

- Tumor classification was the major parameter used 
in grouping our patients. In the surgical group this was 
done according to radiologic evaluation and findings 
at operation. Radiologic classifications correlated well 
with surgical findings in 92% of patients in this group. 

We suggest that the lower pregnancy rate in the bro- 
mocriptine-treated group. compared with that of the 
surgically treated group may have been influenced by 
the patients’ noncompliance with medical treatment 
and follow-up. 

In neither group did patients experience progression 
of adenoma or visual field change during pregnancy 
although, after pregnancy, one patient treated surgi- 
cally had computerized tomographic evidence of re- 
currence of adenoma and was treated with bromocrip- 
tine. After pregnancy, serum prolactin levels fell to >30 
ng/ml in 9% of the surgically treated and 33% of the 
bromocriptine-treated patients. The fact that two of the 
latter group had normal serum prolactin levels post 
partum, resumption of regular menses without treat- 
ment, and maintenance of this condition during 2 years 
of follow-up suggests that some patients may have a 
spontaneous cure. Koppelman et al.’* reported spon- 
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taneous cures in seven of 25 patients not treated and 
followed up a mean of 11.3 years. 

Our study shows that patients with prolactinoma: can 
be treated effectively with medical or surgical inter- 
vention. “Cure” is possible in surgically treated patents 
who do not have invasive adenomas, but the tumors 
may recur. In the hands of experienced surgeons. op- 
erative morbidity is low, and operative mortality is be- 
tween 0% and 2%. Patients not cured by surgical means 
and those who experience tumor recurrence after op- 
eration will require medical treatment. Patients who 
choose medical treatment should understand tha: the 
adenoma will not be cured, that natural remission is 
rare, and that they must continue treatment all of zheir 
lives. 


We thank the National Pituitary Agency for provid- 
ing the materials for radioimmunoassay of hormones 
in this study. We appreciate the excellent technical as- 
sistance of Mrs. Socorro Castillo and Mr. Alonzo 
Guerra. We also thank Mr. Walter Pagel znd Ms. Lore 
Feldman of the Department of Scientific Publicazions 
for reviewing the manuscript. 
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Effect of antipyrine on prostaglandin levels and uterine and 


umbilical blood flow 


Kathryn A. Cashner, M.D., Carmela A. Skillman, Ph.D., Diane Brockman, M.S., 


Catherine Mack, B.S., and Kenneth E. Clark, Ph.D. 


Cincinnati, Ohio 


Antipyrine and 4-aminoantipyrine have been used for approximately 20 years to measure uterine and 
umbilical blood flow. Fetal infusion of 4-aminoantipyrine has been shown to decrease myometrial activity 
and to significantly lower prostaglandin F}, metabolite levels. Since prostaglandins are thought to be 
important in regulating uterine and umbilical blood flow, their decrease could cause significant. changes in 
blood flow. The purpose of the present study was to evaluate the effects of antipyrine on uterine and 
umbilical blood flow as measured with electromagnetic flow probes and to determine whether antipyrine 
causes significant changes in levels of prostaglandin E,, prostaglandin F,, metabolite, and prostaglandin l, 
measured as 6-keto-prostaglandin F,,. Antipyrine infusion produced significant reductions in the uterine 
venous levels of prostaglandin E, and prostaglandin F,, metabolite (p < 0.05). These reductions in 
prostaglandin levels were not associated with any significant changes in maternal blood pressure, heart 
rate, uterine blood flow, or oxygen content. Although fetal prostaglandin levels tended to decrease during 
the antipyrine infusion, these changes were not significant. Fetal blood pressure, heart rate, umbilical 
blood flow, Pao, and oxygen content were not significantly altered. These data suggest that the antipyrine 
method does not affect basal blood flow in the uterine or umbilical circulation even though uterine 
prostaglandin levels are significantly decreased. (AM J OssTeT GYNECOL 1986;155:1305-10.) 


Key words: Antipyrine, prostaglandins, umbilical blood flow, sheep 


Accurate measurements of uterine and umbilical 
blood flow in an intact animal model are essential to 
the study of cardiovascular physiology, placental trans- 
fer, and growth retardation. The antipyrine infusion 
method has been recognized for about 20 years as 
a valid means of calculating uterine and fetal blood 
flow.” Recent studies, however, have demonstrated 
that infusions of antipyrine and related compounds 
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decrease myometrial activity and lower uterine venous 
levels. of 13,14-dihydro-15-keto- -prostaglandin Fo." 
Prostaglandins are considered important in regulating 
uterine and umbilical blood flow, but the effect of de- 
creasing endogenous prostaglandins on uterine and 
umbilical circulations is less clear.’ 

The purpose of this study was to determine whether 
fetal antipyrine infusions at doses used to calculate uter- 
ine and umbilical blood flow affected prostaglandin 
levels in the maternal or fetal circulation. Plasma levels 
of prostacyclin (prostaglandin I,, measured as 6-keto- 
prostaglandin F,,) and prostaglandin E,, were mea- 
sured along with the metabolite 13, 14-dihydro-15-keto- 
prostaglandin F,, (PGFM). Additionally, we examined 


’ whether inhibition of prostaglandins by antipyrine al- 


tered umbilical or uteroplacental blood flow, the pa- 
rameters that the antipyrine method is intended to 
measure. 
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Fig. 1. The effect of fetal infusion of antipyrine on uterine levels of prostaglandins. * = Significantly 
less than baseline values with use of one-way analysis of variance followed by Newman-Keuls range 


test. 
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Fig. 2. The effect of fetal infusion of antipyrine on fetal aortic levels of prostaglandins. 


Methods 


Animal preparation. Nine pregnant ewes (110 to 120 
days’ gestation) of mixed breed were surgically instru- 
mented for these studies. Before operation the animals 
were sedated with diazepam, 10 mg intravenously, fol- 
lowed by thiopental sodium, 250 mg intravenously, be- 
fore receiving hyperbaric spinal anesthesia (tetracaine 
hydrochloride, 12 mg). Polyvinyl catheters (0.030 by 
0.050 inch) were inserted into the fetal distal aorta and 
inferior vena cava via the pedal artery and vein. An 
electromagnetic flow probe was placed around the com- 
mon umbilical artery through a fetal retroperitoneal 
incision. Ampicillin (1 gm) was flushed into the amniotic 
fluid and the uterus closed. A distal branch of a uterine 
vein in the pregnant uterine horn was catheterized 
(0.040 by 0.070 inch catheter) and the catheter ad- 
vanced to the common uterine vein. Electromagnetic 
flow probes were placed around both main uterine ar- 
teries in the broad ligament. All catheters and flow 
probe cables were exteriorized through the midline in- 


cision, passed subcutaneously to the ewe’s left flank, 
and placed in a cloth pouch secured to the ewe’s side. 
Ampicillin (1 gm) was administered intramuscularly to 
the sheep before operation and for 3 days after op- 
eration. Following the surgical procedure the animals 
were placed in individual portable cages and received 
commercial feed and water ad libitum. Ewes were al- 
lowed to recover from the operation for 5 days before 
experimentation. 

Maternal and fetal measurements. B.ood samples 
(0.6 ml) for maternal and fetal aortic blood gas mea- 
surements (pH, Pco,, Pao,) were collected anaerobi- 
cally in heparinized syringes and immediztely analyzed 
with use of a BMS3 MK2 Micro System blood gas ana- 
lyzer (Radiometer, Copenhagen) at 39° C (sheep body 
temperature). Oxygen content was determined with use 
of the Lex-O,-ConTL oxygen analyzer (Cavitron Corp., 
Anaheim, California). 

Prostaglandins were measured by the competitive an- 
tibody inhibition technique described by Van Orden 
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Fig. 3. The effect of fetal infusion of antipyrine on umbilical blood flow as measured with use of 


electromagnetic flow probes. 
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Fig. 4. The effect of fetal infusion of antipyrine on uterine blood flow as measured with use of 


electromagnetic flow probes. 


and Farley’? © with use of antibodies previously stan- 
dardized in our laboratory. Standard concentrations of 
prostaglandin E, and PGFM were dissolved in ethanol, 
and standard concentrations of 6-keto-prostaglandin 
F,, were dissolved in phosphate buffer. Tritiated an- 
tigen and the appropriate antibody calculated to bind 
40% of the antigen were then added to the plasma 
samples and standards. Samples were incubated for 18 
to 24 hours at 4° C; then 0.2 ml of phosphate buffer 
containing 7 mg/ml of bovine gamma globulin was 
added to each tube after the incubation. Proteins 
(plasma and bovine gamma globulin) were then pre- 
cipitated with 40% polyethylene glycol 4000, the su- 
pernatant aspirated, and the precipitate resuspended 
in 1.0 ml of 0.1 mol/L Tris base and counted in 10 ml 
of ACS scintillation fluid with use of a Packard TriCarb 
460 CD liquid scintillation counter. The sensitivity of 
each assay is 10 pg per tube with coefficient of variations 
for between and within assays in the range of 8% to 
12%. The prostaglandin E, antibody shows <8% cross- 
reactivity with other prostaglandins. The PGFM anti- 
sera has less than 3% cross-reactivity with other pros- 
taglandins, and the 6-keto-prostaglandin F,, antisera 
shows <7% cross-reactivity with other prostaglandins 
in pregnant ewe blood. Details of the assay procedure 
are described elsewhere.” Results are reported as pi- 
cogram of prostaglandin per milliliter of plasma. 

. Maternal and fetal systemic arterial blood pressures 
were monitored by Micron MP-15 pressure transducers 


(Micron Instruments, Los Angeles) calibrated against a 
mercury manometer and attached to maternal and fetal 
arterial catheters at the level of the sternum. Heart rates 
were recorded by a Sensor Medics Cardiotachometer 
(Sensor Medics, Anaheim, California) triggered by ar- 
terial pressure pulses. Uterine and umbilical artery 
blood flows were measured with use of a square wave 
electromagnetic flow meter (Dienco RF-1000, Los An- 
geles) with a verified electronic zero. Electromagnetic 
flow probes were calibrated with saline solution before 
implantation and were linear over the How ranges mea- 


= sured. Blood pressures, heart rates, and blood flows 


were recorded continuously on a pen writing recorder 
(Beckman Dynograph R-612 physiological recorder, 
Beckman Instruments, Fullerton, California). 
Experimental protocol. During a 30-minute baseline pe- 
riod, blood samples were withdrawn from the maternal 
distal aorta (0.6 ml) and the fetal distal aorta (0.6 ml) 
for measurement of blood gases and oxygen content. 
Blood samples for prostaglandin analyses were also 
withdrawn during the baseline period from the mater- 
nal distal aorta (6 ml), uterine vein (6 ml), and the fetal 
distal aorta (4 ml). Meclofenamate (5 ug/ml of blood) 
was added to the blood samples, and samples were 
stored at -20° C until analyses. Two baseline blood sam- 
ples for prostaglandin analysis were withdrawn at 15- 
minute intervals during the baseline period. Antipyrine 
was then infused into the fetal inferior vena cava of six 
sheep at a rate of 10 mg/min (0.1 ml/min) for 120 
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Table I. Fetal cardiovascular and blood gas values* 


Mean arterial pressure (mm Hg) 
Heart rate (bpm) 
pH 
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= 
Control (n = 3) (n = 6) 
3444 40 + 2 
174+ 8 185 + 6 
7.328 + .030 7.379 + .OC9 
21.3 + 2.] 23.9 + LE 
6.2 + 0.7 LESO 


Po, (mm Hg) 
Oxygen content (vol %) 


*Values are the baseline values in each group. 


minutes. Maternal blood samples for blood gases, oxy- 
gen content, and prostaglandin analyses were with- 
drawn at 15, 30, 60, and. 120 minutes during the in- 
fusion. Fetal blood sampies for blood gases, oxygen 
content, and prostaglandin analyses were withdrawn at 
30, 60, and 120 minutes during the infusion. Maternal 
and fetal heart rates and blood pressures, as well as 
uterine and umbilical blood flows, were monitored 
throughout the experimental period. Saline solution 
(0.1 ml/min) was infused into the fetal inferior vena 
cava of three additional sheep to obtain control data 
for blood gases, oxygen content, heart rates, blood pres- 
sures, and uterine blood flow. 

Data were analyzed with use of analysis of variance 
with repeated measures or one-way analysis of variance 
where appropriate. Newman-Keuls range test was used 
to determine significant differences between means. 
The acceptable level of significance was established at 
p <0.05. 


Results 


Antipyrine infusion (10 mg/min) into the fetal in- 
ferior vena cava reduced uterine vein levels of pros- 
taglandin E, and PGFM (p < 0.05) as shown in Fig. 1. 
There was no significant effect of anupyrine on uterine 
vein levels of 6-keto-prostaglandin Fa a metabolite of 
prostaglandin I, (Fig. 1). Although the maternal 
aortic levels of prostaglandin E, and PGFM showed a 
decreasing trend during the antipyrine infusion, the 
values were not statistically different from baseline val- 
ues (data not shown), The maternal aortic levels of 6- 


keto-prostaglandin F,, were not significantly changed. 


during the antipyrine infusion. Fetal aortic prostaglan- 
din levels tended to decrease, but these changes were 
not significant during the antipyrine infusion as shown 
in Fig. 2. | 
There was no significant change in umbilical blood 
flow (Fig. 3), as measured with use of electromagnetic 
flow probes, during the antipyrine infusion. Similarly, 
uterine blood flow was not significantly different dur- 
ing the antipyrine infusion when compared to a saline 


control group (Fig. 4). There were no significant 


changes in fetal or maternal blood pressures, heart 
rates, blood gas values, or oxygen content in the group 


of animals infused with antipyrine when compared to 
animals infused with saline solution. Table I lists the 
baseline fetal parameters, which are within the normal 
range. Fetuses with Po, levels of <18 mm Hg were not 
used in the study. 


Comment 


This study showed that the fetal infusion of antipy- 
rine significantly decreased uterine venous levels of 
prostaglandin E, and PGFM and showed a nonsignif- 
icant decrease of maternal aortic levels of these pros- 
taglandins. There was no significant effect of antipyrine 
infusion on maternal levels of 6-keto-prostaglandin F,, 
or on uterine or umbilical blood flows. Antipyrine and 
4-aminoantipyrine have been used to measure umbil- 
ical ard uterine blood flows in perinatal research for 
the past 20 years. Recently studies by El Badry et al.° 
have shown that 4-aminoantipyrine reduced myome- 
trial contractile activity in the late gestation pregnant 
sheep. The decrease in contractile activity was thought 
to result from an inhibition of prostaglandin biosyn- 
thesis.’ 

' The infusion of antipyrine has been shown to de- 
crease levels of PGFM, and this effect is dose depen- 
dent.® ê Studies by Pimentel et al.° demonstrated that 
no changes in uterine venous prostaglandin levels oc- 
curred if a low dose. of 1 mg/min of antipyrine was 
used. The results from the present study are consistent 
with those of Pimentel et al., who reported that fetal 
infusion of 4 and 15 mg/min of antipyrine resulted in 
significant reductions of uterine venous levels of PGFM ` 
whereas levels of 6-keto-prostaglandin F,, were not sig- 
nificantly changed. Antipyrine infusion has been shown 
to significantly lower uterine venous prostaglandin F, 
levels as well in the present study. 

Maternally administered indomethacin “2 mg/kg in- 
travenously) decreased uterine venous levels of PGFM 
and prostaglandin E, by 90% whereas 6-keto-prosta- 
glandin F,, decreased by 70% in the pregnant ewe (un- 
published observations). The present study shows an- 


‘ tipyrine infusion in the fetus decreased uterine venous 


levels of prostaglandin E, and PGFM by 60% and 6- 
keto-prostaglandin F,, by only 30%. It appears that the 
cyclooxygenase enzyme is not affected to the same de-, 
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gree at different sites of production, that is, prosta- 
' glandin E, and PGFM are produced in the myometrium 
and prostaglandin I, (measured as 6-keto-prostaglan- 
din F,,) in the vascular endothelium. A similar response 
has been shown with aspirin in cases in which low doses 
of aspirin inhibit cyclooxygenase of platelets without 
affecting the cyclooxygenase enzyme of the vascular 
endothelium and thereby inhibiting thromboxane syn- 
thesis without affecting prostacyclin synthesis.” 
Prostaglandins have been implicated in the regula- 
tion of the umbilical and uterine blood flow since 1936 
when vonEuler“ reported that an extract from prostate 
glands contracted the umbilical and placental vascula- 
ture. Several investigators have evaluated the role of 
exogenously administered prostaglandins in the ma- 
ternal'® © and fetal'* 7 circulation. Of the prostaglan- 
dins tested, only prostaglandins I, and D, have been 
shown to increase uterine blood flow in late term preg- 
nant sheep," but these changes may be limited to non- 
placental (myometrial) blood flow." Inhibition of en- 
dogenous prostaglandins by indomethacin has been 
shown to ‘affect uteroplacental blood flow only tran- 
siently in late term pregnant ewes.” Studies from our 
laboratory have suggested that the systemic and uterine 
responses seen after indomethacin injection may be a 
direct effect of the compound on the cardiovascular 
system rather than a result of prostaglandin inhi- 
bition (unpublished observations). Indomethacin in- 
jected into.animals whose prostaglandin levels were al- 
ready decreased by 80% still produced a transient pres- 
sor response. This direct effect of indomethacin has 
also been reported by Feigen et al.'° who showed that 
the vasoconstricting action of indomethacin on the mes- 
enteric vascular bed of dogs was not related to inhibi- 
tion of prostaglandin synthesis. The present study in- 
dicates that inhibition of endogenous prostaglandin 


production by antipyrine is without effect on either © 


uterine or umbilical blood flow. It therefore appears 
- that uterine blood flow does not depend directly 

on continued prostaglandin synthesis in unstressed 
animals. 

El Badry et alf suggested that 4-aminoantipyrine 
leads to a decrease in fetal Po, and pH. The present 
study with use of antipyrine did not show a significant 
change in fetal blood gases. There was no statistically 
significant effect of antipyrine on fetal prostaglandin 
levels or umbilical blood flow, although fetal -PGFM 
levels showed a decreasing trend. 

The ideal technique for blood flow measurement in 


the pregnant animal model remains a primary consid- | 


eration in all studies of ‘fetal physiology. Each of the 
existing methods has some drawbacks. Electromagnetic 
flow probe measurements are dependent on mainte- 
nance of precise alignment of the probe through the 
«postoperative and experimental periods, as well as 
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on accurate calibration of the probes. Radioactive mi- 
crosphere infusion is a reliable technique but pre- 
cludes obtaining multiple measurements. Early studies 
showed antipyrine-like compounds to be safe, reliably 
measured, and biologically inert. The present study 
has demonstrated that although antipyrine reduces 
uterine venous prostaglandin levels, this reduction does 
not affect uterine or umbilical blood flows as measured 
by means of electromagnetic flow probes. The use of 
the antipyrine infusion method still remains a reliable 
method of measuring uterine and umbilical blood flows 
for perinatal investigators. The investigator needs to 
be aware of the fact that prostaglandin inhibition is 
occurring at doses >] mg/min and should therefore 
choose the lowest dose of antipyrine consistent with the 
experimental technique in order to minimize prosta- 
glandin fluctuation. | 
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The effect of fetal urine on arachidonic acid metabolism in 


human amnion cells in monolayer culture 


Stefan Niesert, M.D.,* Murray D. Mitchell, D.Phil., Paul C. MacDonald, M.D., and 


M. Linette Casey, Ph.D. 


Dallas, Texas 


Human amnion cells in primary monolayer culture were used as a model system to evaluate the regulation 
of arachidonic acid metabolism and prostaglandin E, production in amnion. Amnion cells were incubated 
with carbon 14—labeled arachidonic acid, and after various times the distribution of radiolabeled 


arachidonic acid in the lipids of these cells were determined. After incubation for 72 hours, 91% 


of the total 


radiolabeled arachidonic acid incorporated into cellular lipids was present in glycerophospholipids, and 9% 
was present in neutral lipids. The formation of [*C]prostagiandin E, from [“Clarachidonic acid was 
maximal after 8 hours. In these studies the effect of human fetal urine on arachidonic acid metabolism in 


these cells was investigated (the production of prostaglandin E, by amnion cells is increased by treatment 
with fetal urine). In cells incubated with [‘C]arachidonic acid in the incubation medium, treatment with fetal 
urine for 4 hours caused a threefold to fourfold increase in [‘*C]prostaglandin E, production, yet there were 
no detectable differences in the content of ['C]arachidonic acid in specific glycerophospholipids or neutral 


lipids of the cells after such treatment. In other studies, amnion cells were preincubated for 72 hours with 
['*C]arachidonic acid, and thereafter the cells were treated with fetal urine for 24 hours. With fetal urine 
treatment the amount of [“*C]arachidonic acid in triacylglycerols decreased significantly compared with that 
in nontreated cells, but the formation cf [“C]prostaglandin E, was not increased. Thus we suggest that in 
response to fetal urine, prostaglandin E; is formed from arachidonic acid that is released from a highly 
specific, stimulus-sensitive lipid pool or else from arachidonic acid that is derived from extracellular 


sources. (AM J Osstet GYNECOL 1986;155:1370-6.) 


Key words: Amnion, prostaglandin E}, arachidonic acid, initiation of parturition, fetal urine 


The amnion, which in the human is an avascular fetal 
membrane, is believed to be a tissue of central impor- 
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tance in the biosynthesis of prostaglandin E, and 
thereby the initiation and maintenance of labor in 
women.' The glycerophospholipids of human ammon 
tissue are rich in arachidonic acid, the obligate precur- 
sor of prostaglandins of the “2” series. The enzymes 
phospholipase A, and C, which are present in human 
amnion tissue, catalyze reactions that lead ultimately to 
the release of arachidonic acid from glycerophospho- 
lipids, and thus these enzymes are believed to ac: in 
part to regulate the rate of prostaglandin synthesis.’ 
By a number of morphologic and biochemical zri- 
teria, human amnion cells maintained :n primary 
monolayer culture are similar to amnion tissue.” Spe- 
cifically, prostaglandin E, is the principal prostaglandin , 
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Table I. Distribution of [*C] arachidonic acid among the glycerophospholipids of amnion cells in primary 
monolayer culture compared with arachidonic acid distribution among glycerophospholipids 


in amnion tissue 


[“C]Arachidonic acid 
distribution in 


amnion cells in 
culture (mol %)* 


Glycerophospholipid species 





Arachidonic acid distribution in 
amnion tissue (mol %)T 


Phosphatidylcholine 33.1 + 2.7 31.2 + 1.8 
Phosphatidylethanolamine 43.6 + 14 55.6 + 1.7 
Phosphatidylinositol 20.5 + 2.7 9.3 + 0.5 
Phosphatidylserine 3.0 + 0.4 3.9 + 0.4 


*Based on total [*C]arachidonic acid incorporated into glycerophospholipids of amnion cells during 72-hour incubation period; 
data are the mean + SEM of four experiments conducted with two to five replicates. 


+Data from Folch et al.® 


produced in amnion cells in culture’ as it is in amnion 
tissue’; in addition, 15-hydroxyprostaglandin dehydro- 
genase activity is not demonstrable in amnion cells’ or 
in amnion tissue.' Phospholipase A», phosphatidylino- 
sitol-specific phospholipase C, diacylglycerol lipase, and 
monoacylglycerol lipase activities are present in amnion 
cells* as well as in amnion tissue.” 

We found previously that a substance(s) in human 
fetal urine acts to stimulate the production of prosta- 
glandin E, in human amnion cells in monolayer culture 
by 10- to 600-fold as assessed by radioimmunoassay of 
prostaglandin E; in the culture medium.’ The mech- 
anism by which this substance(s) acts is not known. To 
address this issue, we evaluated the extent of utilization 
of carbon 14—labeled arachidonic acid for prostaglan- 
din E, formation as well as the rate of incorporation of 
[“C]arachidonic acid into and the rate of release of 
[*C]arachidonic acid from glycerophospholipids and 
neutral lipids in amnion cells in response to treatment 
with fetal urine. 


Material and methods 


Placentas with attached fetal membranes were ob- 
tained from normal pregnancies at the time of elective 
cesarean section conducted before the onset of labor. 
Amnion cells, prepared by enzymatic dispersion of iso- 
lated amnion as described previously,’ were placed in 
culture dishes (60 mm diameter) and were allowed to 
replicate (8 to 10 days) to confluence in Ham F12/Dul- 
becco’s minimal essential medium (1:1, vol/vol) that 
contained heat-inactivated fetal calf serum (10%, vol/ 
vol) and an antibiotic-antimycotic solution (1%, vol/vol). 
Human fetal urine, which was collected from newborn 
infants within 5 minutes of birth, was concentrated 10- 
fold by ultrafiltration through a membrane that ex- 
cludes substances of molecular weight >10,000 (YM 
10, Amicon Corp., Danvers, Massachusetts). To pre- 
pare 1 ml of culture medium, 50 pl of material retained 
(10 x concentrate) was added to 950 pl of culture 
medium. Thus the concentration of urine in the 


medium would have been 50% had it not been 
concentrated. 

Confluent amnion cells were incubated with 
[‘*C)arachidonic acid (1 Ci, 6 pmol/L) in the absence 
or presence of fetal urine (15%, vol/vol; 50% by con- 
centration). After various times of incubation, the cul- 
ture media were collected, acidifed to pH 4.0 with 
acetic acid (1N), and extracted with diethyl ether (5 
vol). The solvent was evaporated under nitrogen; 
[“*C]arachidonic acid and [“C]prostaglandin E, were 
separated by thin-layer chromatography,° and radio- 
activity was assayed by liquid scintillation spectrometry. 
Authentic tritiated prostaglandin E, (or ['C]prosta- 
glandin E, in replicate reaction mixtures) was added 
to correct for losses incurred during the extraction 
and chromatographic procedures. Routinely, recovery 
ranged from 65% to 75%. The cells of each dish were 
removed and disrupted by sonication. Aliquots were 
taken for determination of protein content by the 
method of Lowry et al.” The lipids of the sonicated cell 
suspension were extracted? and radiolabeled glycero- 
phospholipids and neutral lipids in aliquots (10%) of 
the extract were separated by thin-layer chromatog- 
raphy.’ The solvent systems used were as follows: for 
the separation of glycerophospholipids, chloroform/ 
ethanol/water/triethylamine (30:34:8:35, by volume); 
and for the separation of neutral lipids, n-heptane/di- 
ethyl ether/acetic acid (75:25:4, by volume). After 
chromatography the silica gel in areas of the chro- 
matogram that corresponded to the nonradiolabeled, 
authentic standards were removed and assayed for ra- 
dioactivity. Data are corrected for procedural losses by 
quantification of recovery of authentic radiolabeled lip- 
ids that are added to cells before sonication. Routinely, 
recovery ranges from 75% to 80%. 

To evaluate the extent of incorporation of carbon 
14-—labeled arachidonic acid into phosphatidyletha- 
nolamine plasmalogen (1-O-alkenyl-2-acy]-sn-glycero- 
3-phosphorylethanolamine) and diacyl phosphatidyl- 
ethanolamine, the phosphatidylethanolamine fraction 
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Fig. 1. Incorporation of [“C]arachidonic acid into glycero- 
phospholipids of human amnion cells in culture. The cells 
were incubated with [“C]arachidonic acid (1 pCi, 6 pmol/L) 
for various times. PC = Phosphatidycholine; PJ = phospha- 
tidylinositol; PE = phosphatidylethanolamine; PS = phos- 
phatidylserine. Each bar is representative of the average of 
duplicate determinations. 


was eluted from the chromatogram and treated with 
hydrochloric acid (2N) in ethanol.’? Lysophosphati- 
dylethanolamine (derived from phosphatidylethanol- 
amine plasmalogen) and diacyl phosphatidylethanol- 
amine were separated by thin-layer chromatography, 
as described, and the amount of radioactivity in each 
fraction was quantified. 

Silica gel G preadsorbent thin-layer chromatography 
plates were obtained from Analtech, Newark, Dela- 
ware. [1-"C]Arachidonic acid (58 mCi/mmol) and 
[1-"'C] prostaglandin E, (58.4 mCi/mmol) were pur- 
chased from Amersham, Arlington Heights, Illinois. 
Nonradiolabeled prostaglandin E, was obtained from 
The Upjohn Co., Kalamazoo, Michigan. Nonradiola- 
beled glycerophospholipids, neutral lipids, and arachi- 
donic acid were purchased from Serdarv Research Lab- 
oratories Inc., London, Ontario, Canada. Tissue cul- 
ture media were obtained from Gibco, Grand Island, 
New York. 


Results 


Incorporation of [“C]arachidonic acid into glycero- 
phospholipids and neutral lipids, and conversion of 
['“C]arachidonic acid to prostaglandin E,. After in- 
cubation of amnion cells in primary monolayer culture 
with ['*C]Jarachidonic acid (6 mol/L} for 72 hours, the 
distribution of radiolabeled arachidonic acid in glycero- 
phospholipids and neutral lipids was similar to that 
found previously for the distribution of endogenous 
arachidonic acid in the lipids in amnion tissue and in 
amnion cells in culture.’ Specifically, 91.4% of the 
['*Cjarachidonic acid was present in glycerophospho- 
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lipids, and 8.6% was present in neutral lipids; the dis- 
tribution of endogenous arachidonic acid in amnion 
tissue’ is 91% in glycerophospholipids and 3% in neu- 
tral lipids. The distribution of ['*C]arachidonic acid 
among zlycerophospholipids of the cells in culture after 
incubation for 72 hours is presented in Table I. With 
respect to total [“C]arachidonic acid incorpcrated (mol 
%), the amounts in phosphatidylcholine and phospha- 
tidylserine were similar to the quantities of endogenous 
arachidonic acid in these glycerophospholipids in am- 
nion tissue (or amnion cells’). On the other hand, the 
amount of [C]arachidonic acid in phosphatidyletha- 
nolamine was slightly less and that in phosphatidyl- 
inositol was greater compared with endogerous quan: 
tities in these lipids. 

The time course of incorporation of ["C]arachidonic 
acid into: glycerophospholipids and neutral lipids of 
amnion cells in monolayer culture is presented in 
Figs. 1 and 2. Steady-state conditions with respect to 
[“C]arachidonic acid content in phosphatidylserine, 
diacylglycerol, and monacylglycerol were attained after 
incubation for 24 hours. The incorporation of ["C]ar- 
achidonic acid into phosphatidylcholine and phospha- 
tidylinos:tol increased for 24 hours and declined there- 
after. The amount of radioactivity in triacylglycerols 
was greatest after 8 hours and decreased rapidly 
thereafter. The incorporation of [C]arachiconic acid 
into phosphatidylethanolamine increased continuously 
during the 72-hour incubation period. Of the total 
[(“C]arachidonic acid in phosphatidylethanolamine af- 
ter 72 haurs, that in diacyl phosphatidylethanolamine 
comprised 22.9% and that in phosphatidylethanol- 
amine plasmalogen comprised 77.1%. A simi-ar distri- 
bution of nonradiolabeled, endogenous arachidonic 
acid was found previously in these species of phospha- 
tidylethanolamine in amnion tissue and amnion cells.’ 

The time course of formation of radiolabeled pros- 
taglandin E, by amnion cells incubated with ["C]ar- 
achidonic acid is presented i in Fig. 3. The amount of 
radiolabeled prostaglandin E, in the culture an 
was greatest after 8. hours of incubation. 
` Effect of fetal urine on [“C]arachidonic acid incor- 
poration imto lipids and conversion to [*C]prosta- 
glandin E, in amnion cells. Amnion cells were incu- 
bated with ["C]arachidonic acid in the absence or pres- 
ence of human fetal urine (50%, by concentration) for 
4 hours. The production of radiolabeled prostaglandin 
E, by amnion cells treated with fetal urine was increased 
fourfold (Fig. 4). Moreover, in the presence of fetal 
urine; the incorporation of [C]arachidonic acid into 
triacylglycerol and phosphatidylethanolamine was de- 
creased slightly compared with that in cells not treated 
with urine, whereas the incorporation of ['C]arachi- 
donic acid into phosphatidylcholine and ph2sphati- 
dylinositol was increased slightly (Fig. 5); these differ-. 
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Fig. 2. Incorporation of ["C]arachidonic acid into neutral lipids of human amnion cells in culture. 
The cells were incubated for various times with [“C]jarachidonic acid (1 pCi, 6 pmol/L). TG = 
Triacylglycerol; DG = diacylglycerol; MG = monoacylglycerol; CE = cholesterol ester. Each bar is 
representative of the average of duplicate determinations. 


ences were reproducible but not statistically significant. 
In the presence of fetal urine the incorporation of 
[“C]arachidonic acid into diacylglycerol was increased 
slightly but significantly (p < 0.05) compared with con- 
trols. There were no differences in the incorporation 
of [“C]arachidonic acid into phosphatidylserine. 

Effect of fetal urine on [‘*CJarachidonic acid content 
of lipids of amnion cells that were preincubated 
with (“C]arachidonic acid. After preincubation with 
{“C]arachidonic acid for 72 hours, amnion cells were 
maintained in the absence or presence of fetal urine 
for 24 hours. In cells treated with fetal urine, the 
amount of [*CJarachidonic acid in triacyglycerols was 
decreased significantly (p < 0.001, n = 5), that in phos- 
phatidylcholine, phosphatidylinositol, and diacylglyc- 
erol was decreased slightly, and that in phosphatidyl- 
ethanolamine was increased slightly compared with the 
amount in contral cells (Fig. 6). Between the two 
groups, there was no difference in the incorporation 
of [“C]arachidonic acid into phosphatidylserine. The 
formation of radiolabeled prostaglandin E, was similar 
in nontreated cells and in cells treated with fetal urine 
(data not shown). 


Comment 


In the human, amnion is an avascular fetal tissue that 
consists of a single cell type and is contiguous on one 
side with amniotic fluid and.on the other side with 
chorion laeve. It is believed that prostaglandin E; pro- 
duction by this unique tissue is of central importance 
in the initiation of labor in women.’ The concentrations 
of prostaglandin E, and arachidonic acid in amniotic 
fluid increase strikingly during labor. In this regard and 
for the interpretation of the findings of this study, we 
believe it to be important that the direct source of ar- 
achidonic acid in amnion tissue is amniotic fluid and 
not maternal blood.’ The importance of this issue is 
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Fig. 3. Production of [“C]prostaglandin E, by human amnion 
cells in monolayer culture that were incubated with 
{“C]arachidonic acid (1 pCi, 6 pmol/L) for various times. Each 
bar is representative of the average of duplicate determi- 
nations. 


linked to a definition of the source of arachidonic acid 
that is used by amnion in the formation of prostaglan- 
din E,. i 

An association between increased prostaglandin E, 
production during labor and increased mobilization of 
arachidonic acid in amnion has been investigated ex- 
tensively and is summarized as follows: (1) Okita et al.° 
found that the arachidonic acid content of diacyl phos- 
phatidylethanolamine and phosphatidylinositol de- 
creases during early labor; (2) calcium-dependent 
phospholipase A, with substrate specificity for sn-2-ar- 
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Fig. 4. Production of [“C]prostaglandin E, by human amnion 
cells (mean + SEM, n = 4) that were incubated with 
(“C]arachidonic acid (1 pCi, 6 pmol/L) in the absence or pres- 
ence of human fetal urine (50% by concentration) for 4 hours. 


achidonoyl-phosphatidylethanolamine is demonstrable 
in amnion tissue; (3) calcium-dependent, phosphati- 
dylinositol-specific phospholipase C, diacylglycerol li- 
pase, and monoacylglycerol lipase activities are present 
in amnion tissue; (4) the specific activities of phospho- 
lipase A, and phospholipase C in amnion tissue in- 
crease in late gestation; (5) there is a prodigious capac- 
ity for the biosynthesis of prostaglandin E, in amnion 
tissue.” ? 

In the present investigation we used human amnion 
cells in primary monolayer culture as a model system 


for the study of the regulation of arachidonic acid me- 


tabolism in amnion tissue. We found chat after incu- 
bation for 72 hours, radiolabeled arachidonic acid, 
added to the culture medium, was present in phos- 
phatidylcholine and phosphatidylserine in a distribu- 
tion pattern that was similar to that of endogenous 
arachidonic acid in amnion tissue or amnion cells in 
culture’; on the other hand, the ["C]arachidonic acid 
content in phosphatidylethanolamine was less and that 
in phosphatidylinositol was greater compared with en- 
dogenous levels in amnion tissue or amnion cells in 
culture.’ 

In addition, we found that ["C]arachidonic acid was 
converted to [*C]prostaglandin E; in these cells. We 
also found that the quantity of ["*C]prostaglandin E, in 
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the medium decreased after 8 hours, indicazive of con- 
version of prostaglandin E; to other products; however, 
it had been demonstrated previously that 15-hydroxy- 
prostaglandin dehydrogenase is not active in amnion 
tissue’ or in amnion cells.1 Moreover, [*C]prosta- 
glandin E,, incubated with amnion cells for 72 hours, 
is not converted to 15-keto-prostaglandin E., 13,14-a1- 
hydro-15-keto-prostaglandin E,, or prostaglandin Fg. 
We did find, however, that “CO, was.released when 
[1-“C]prostaglandin E, was incubated with amnion 
cells in monolayer culture (unpublished observations). 
Thus prostaglandin E, in culture medium may be m.e- 
tabolized nonenzymatically or through B-oxidation. 

Previously we found that treatment of amnion cells 
with human fetal urine caused a striking increase in 
prostaglandin E, production as determined by mea- 
surement of prostaglandin E, in the culture medium 
by radioimmunoassay.*® Since human fetal urine is the 
principal constituent o amniotic fluid at term, the pcs- 
sibility that prostaglandin E, production is regulated 
physiologically by a mechanism that involves increased 
release of arachidonic acid in response to a substance(s) 
in fetal urine is of great potential interest and im- 
portance. . 

To address this issue, we evaluated the distributicn 
of radiolabeled arachidonic acid among glycerolipids 
of amnion cells that were or were not treated with fetal 
urine. We sought to determine whether arachidon.c 
acid was released from a specific lipid species in re- 
sponse tc treatment with fetal urine. We found that the 
amount of radiolabeled prostaglandin E, procuced wes 
low compared with the amount of radiolabeled arz- 
chidonic acid incorporated into glycerophospholipids. 
However. in cells incubated simultaneously with rē- 
diolabeled arachidonic acid and fetal urine, a zhreefold 
increase in radiolabeled prostaglandin E, production 
was demonstrated, as were small increases in the re 
diolabeled arachidonic acid content of phosphatidy- 
inositol and diacylglycerol; this finding is suggestive of 
increased phosphatidylinositol synthesis. Otkers have 
demonstrated that in some systems, arachidonic acid 
release is associated with increased phosphatidylinositad 
turnover.-''* Indeed, in a number of systems it has been 
demonstrated that phosphatidylinositol turnover is 
stimulated in response to various agents by way of ac- 
tivation of phosphatidylinositol-specific phospholipase 
C. In addition, we found that in amnion cells that were 
preradiolabeled with arachidonic acid, treatment witk 
fetal urine caused a decrease in the amount of radio- 
labeled arachidonic acid in triacylglycerol but nc 
change in arachidonic acid distribution among glyc- 
erophospholipids or in radiolabeled prostaglandin E; 
production. 

Taken together, these several findings seem: to sug- 
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Fig. 5. Incorporation of ["C]arachidonic acid (mean + SEM, n = 4) into glycerophospholipids (left 
panel) and neutral lipids (right panel) of human amnion cells in culture. The cells were incubated 
with [“C]arachidonic acid (1 Ci, 6 pmol/L) in the absence or presence of human fetal urine (50% 
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5) into lipids of human amnion 


cells. The cells were incubated for 72 hours with [“C]arachidonic acid (1 pCi, 7 mol/L). Thereafter 
the medium was removed and the cells were incubated in the absence or presence of fetal urine 


(50% by concentration) for 24 hours. © — 


gest that in response to fetal urine, arachidonic acid, 


which is destined for conversion to prostaglandin E,, . 


is mobilized from a highly specific stimulus-sensitive 
lipid pool, as has been demonstrated in other tis- 


_ sues,'*” or else that prostaglandin E, is formed prin- - 


cipally from free arachidonic acid that is derived from 
extracellular sources. At this time we speculate that the 
latter situation is more likely, namely, that the arachi- 
donic acid used for prostaglandin E, synthesis in am- 
nion is derived directly from free arachidonic acid in 
the medium (extracellular space). _ 

The possibility that a substance(s) in human fetal 
urine may act, in part, to cause increased prostaglandin 


synthase activity is under investigation; such an action 
of fetal urine on prostaglandin synthase activity of bo- 
vine seminal vesicle microsomes has been demon- 
strated.'® Based on the findings of this and previous 
investigations, we suggest that it is important to evaluate 
in detail the role of free, extracellular (amniotic, fluid) 


_ arachidonic acid as a precursor of prostaglandin E, in 


amnion as well as the possibility that a substance in fetal 
urine acts on a specific glycerophospholipid pool to 
stimulate arachidonic acid release. Such a mechanism 


- for stimulation of prostaglandin production may be of 


signal importance physiologically in the initiation of 


‘Jabor in women. 
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Maternal estradiol response to alterations in uteroplacental 


blood flow 


Marc A. Fritz, M.D., Major, USAF, MC, Frank Z. Stanczyk, Ph.D., and Miles J. Novy, M.D. 


Beaverton, Oregon 


Low levels of maternal estrogens are commonly regarded as indicators of fetal stress. We continuously 
monitored distal aortic blood flow by flowmeter, fetal heart rate, and amniotic fluid pressure in seven 
pregnant baboons near term. Four of the animals received a constant intravenous infusion of 
[7-"H]dehydroepiandrosterone and [4-'*C]estradiol for 270 minutes. A 50% reduction in mean distal aortic: 
blood flow was imposed after 60 minutes by means of partial occlusion of the aorta with a snare device 
and released at 180 minutes. Blood was collected at 10-minute intervals from 30 to 60 minutes, 120 to 
180 minutes, and 240 to 270 minutes. Concentrations of dehydroepiandrosterone, dehydroepiandrosterone 
sulfate, estradiol, and cortisol in maternal plasma were determined by radioimmunoassay. Metabolic 
clearance rates of dehydroepiandrosterone and estradiol were calculated from plasma concentrations of 
[*H]dehydroepiandrosterone and [‘*C]estradiol. There was no significant change in maternal levels of 
dehydroepiandrosterone, dehydroepiandrosterone sulfate, or cortisol with alterations in distal aortic blood 
flow. Three animals exhibited no fetal heart rate evidence of fetal stress; estradiol levels declined during 
occlusion and returned toward control after release of the snare. Four animals exhibited repetitive late — 
decelerations under conditions of reduced flow; estradiol was unchanged or rose slightly during occlusion 
but increased three- to 10-fold after release whereas the metabolic clearance rate of both 
dehydroepiandrosterone and estradiol remained stable. We conclude that (1) placental hypoperfusion 
without fetal stress results in decreased conversion of aromatizable substrate and (2) elevated maternal 
estradiol levels during acute hypoxemic fetal stress probably represent increased production of fetal 


androgen. (Am J OssteT GYNECOL 1986;155:1317-25.) 


Key words: Maternal estrogens, fetal stress, uteroplacental blood flow 


The fetal zone of the adrenal gland secretes andro- 
genic precursors that are converted to estrogens by the 
placenta, but neither the fetal adrenal nor the placenta 
possesses all the enzymes necessary for estrogen bio- 
synthesis. Thus estrogen production during pregnancy 
in human and nonhuman primates is the result of the 
complementary actions of both organs, which together 
form a functional fetoplacental unit.' Regulation of fe- 
toplacental steroidogenesis can be viewed as a balance 
among precursor availability, placental biosynthetic ca- 
pacity, and uteroplacental blood flow. 

Measurements of maternal plasma and urinary es- 
trogens in pregnancy have provided practical guide- 
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lines for the clinical monitoring of fetal well-being. Low 
levels of maternal estrogens are commonly regarded as 
indicators of fetal stress, but there is evidence that fetal 
hypoxia activates the hypothalamic-pituitary-adrenal 
axis’ and that acute surgical stress raises endogenous 
estrogen levels in both mother and fetus,’ a phenom- 
enon that can be reproduced in pregnant rhesus 
monkeys by fetal infusions of adrenocorticotropic 
hormone.’ 

In view of the many factors that influence estrogen 
production by the fetoplacental unit, it is not surprising 
that uncertainties exist regarding the interpretation of 
estrogen assays in both normal and pathologic preg- 
nancies. The duration of fetal stress required or the 
extent to which placental function must decline before 
being reflected in lower maternal estrogen levels re- 
mains unclear. Recently we demonstrated in the preg- 
nant baboon that the extent of placental clearance of 
androgens through estrogen formation is proportional 
to uteroplacental blood flow.* Our experimental model 
provides the opportunity to determine how alterations 
in placental perfusion and fetal androgen production 
interact to influence maternal estrogen biosynthesis. 
Specifically, in the present study we compared the 
changes in circulating estradiol concentrations which 
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Fig. 1. Surgical preparation (see text for description). Reprinted with permission from Fritz et al.’ 


occurred in response to varying conditions of utero- 
placental blood flow in pregnant baboons with acutely 
stressed and unstressed fetuses. 


Material and methods 


Animals. Seven pregnant female baboons (Papio an- 
ubis) from the Oregon Regional Primate Research Cen- 
ter were used in this study. Their care, diet, and timed 
pairings have all been previously described.’ Animals 
ranged from 16.0 to 18.7 kg in weight and were studied 
at 155 to 165 days of gestation (term = 184 days). 

Surgical preparation of animals. The details of the 
surgical preparation of the animals have been described 
previously.’ Stated briefly, at operation a polyethylene 
catheter was inserted into one femoral vein and ad- 
vanced into the inferior vena cava. Polyvinyl catheters 
were placed in one carotid artery and that femoral ar- 
tery contralateral to the femoral venous catheter. Fol- 
lowing midline laparotomy, fundal hysterotomy, am- 
niotomy, and aspiration of the amniotic fluid, two Tef- 
lon-coated wire electrodes were positioned beneath the 
precordial skin of the fetus and a polyvinyl catheter 
was placed in the amniotic cavity. After the uterus was 
closed, the amniotic fluid was returned through the 
indwelling catheter and the abdomen was closed. ‘The 
distal aorta was then dissected in a retroperitoneal fash- 
ion through a left flank incision, and a 5.0 mm elec- 
tromagnetic flow transducer (In Vivo Metric Systems, 
Healdsburg, California) was placed on the abdominal 
aorta 1.5 cm cephalad to the aortic bifurcation and 
connected to a blood flowmeter (Model ABC-1000A 
Mediflow, Omnicraft, Auburn, California). An adjust- 
able snare was placed around the aorta below the flow 
transducer to allow controlled reduction of distal aortic 
blood flow (Fig. 1). Blood pressure, core temperature, 
and pH remained stable throughout the procedure. 


After the surgical preparation, animals were placed 
in the left lateral recumbent position and kept sedated 
with a continuous intravenous infusion of ketamine (5 
mg/kg/hr), administered through a percutaneous ce- 
phalic venous catheter by means of a Harvard infusion 
pump (Harvard Apparatus, Millis, Massachusetts). 
Catheters in the maternal carotid and femoral arteries 
and amniotic cavity, the flow transducer, and fetal elec- 
trodes were connected to an eight-channel recorder 
(Hewlett Packard 7758A, Hewlett Packard, Palo Alto, 
California) to provide continuous recording of arterial 
pressures, uterine activity, pulsatile and mean distal 
aortic blood flow, and fetal heart rate, respectively 
(Fig. 1). 

Experimental design. After stabilization a constant 
intravenous infusion of [7--H]dehydroepiandrosterone 
(Amersham, Arlington Heights, Illinois; specific activ- 
ity, 23 Ci/mmol) and [4-"'C]estradiol (Amersham; spe- 
cific activity, 55 mCi/mmol) was administered to five of 
the seven animals for 270 minutes. A detailed descrip- 
tion of the purification of the isotopes and preparation 
of the infusate has previously been reported.’ A prim- 
ing dose containing 90 Ci [*H]dehydroepiandros- 
terone and 2.7 pCi ['*C]estradiol was administered as 
a bolus immediately before constant infusion of the 
solution at a rate of 100 wCi (*~H]dehydroepiandros- 
terone and 3 pCi [C]estradiol/2 ml/hr by means of a 
Harvard infusion pump fitted with a 20 ml glass sy- 
ringe. A study in one animal was complicated by oc- 
clusion of the polyethylene catheter used for infusion 
and thus did not yield any usable isotopic data. The 
remaining two animals received an infusion of 0.15 
mol/L of sodium chloride. 

An approximate 50% reduction in mean distal aortic 
blood flow was imposed by partial occlusion of the aorta. 
with the snare device at 60 minutes and was released 
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at 180 minutes. Levels of distal aortic blood flow re- 
turned toward the control value and stabilized for the 
remaining 90 minutes of infusion, achieving a flow rate 
which approximated that in the initial control interval. 
Blood was collected at 10-minute intervals from 30 to 
60 minutes (control interval), 120 to 180 minutes (oc- 
clusion interval), and 240 to 270 minutes (release in- 
terval). 

Quantitation of ['*C]estradiol in plasma. Plasma con- 
centrations of (C]estradiol were determined after add- 
ing 200 wg of authentic, recrystallized, nonradioactive 
estradiol (Steraloids, Inc.; Wilton, New Hampshire) as 
internal standard for estimation of procedural losses. 
Estradiol was isolated from diethyl ether extracts after 
chromatography on disposable Sephadex LH-20 col- 
umns (Isolab, Inc., Akron, Ohio) in the solvent sys- 
tem hexane/benzene/methanol (62:20:13). The eluted 
product was then acetylated and further purified 
by thin-layer chromatography in chloroform/acetone 
(95:5). The product migrated with authentic, recrys- 
tallized estradio]-3,17-diacetate (Steraloids, Inc; R; = 
0.61). Preliminary investigation confirmed negligible 
formation of the estradiol monoacetate. Purity of the 
isolated product was established by demonstration of 
constant *H/“C ratios after thin-layer chromatography 
in a second solvent system, isooctane/ethyl acetate 
(70:30), in which it again migrated with authentic 
estradiol-3,17-diacetate (Ry = 0.46). Estradiol-3,17-di- 
acetate standards were detected on chromatograms af- 
ter spraying with 2% aqueous perchiloric acid and heat- 
ing at 150° C. Recovery of the internal standard, esti- 
mated spectrophotometrically by means of the Kober 
reaction, was 60 + 17% (mean + SE, n = 31), 

Quantitation of distal aortic blood flow. Mean distal 
aortic blood flow was determined from the continuous 
electromagnetic flow transducer recordings during the 
control, occlusion, and release intervals. The same flow 
transducer was used in all studies after being calibrated 
in vitro on an isolated segment of lamb aorta as pre- 
viously described.” 

Calculation of the metabolic clearance rate of es- 
tradiol. Immediately after each experiment the weight 
of the syringe containing the infusate was compared to 
its preinfusion weight to calculate the volume and rate 
of infusion. An aliquot of infusate was diluted and 
counted to determine the concentration (dpmi/ml) of 
[’*C]estradiol in the infusate. 

The metabolic cleararice rate of estradiol (liters per 
day) was determined at each of the three levels of distal 
aortic blood flow in those animals that received the 
infusion of isotopes. In an early experiment we dem- 
onstrated that, at each of the three levels of mean distal 
aortic blood flow, an isotopic equilibrium (+ 10%) in 
the plasma concentration of ["‘C]estradiol existed con- 
currently with the equilibrium in [*H]dehydroepi- 
androsterone that was established to determine the 
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metabolic clearance rate of dehydroepiandrosterone as 
previously reported.’ As a result, in the remaining four 
animals ['‘C]estradiol determinations were made on 
pools of plasma containing those samples for which an 
isotopic steady state in [>H]dehydroepiandrosterone 
had been demonstrated. Plasma metabolic clearance 
rate (MCR) of estradiol (E,) was calculated from these 


"steady-state concentrations of [“C]estradiol (dpm/ml) 


in plasma and its rate of infusion (dpm/min) according 
to the following equation: | 


p . __[ŻC]-E, (dpm/min) infused 
pea [“C]-E, (dpm/ml) at equilibrium 


Plasma concentrations of dehydroepiandrosterone, 
dehydroepiandrosterone sulfate, cortisol, and estra- 
diol. The concentrations of dehydroepiandrosterone, 
dehydroepiandrosterone sulfate, cortisol, and estradiol 
were determined by specific radioimmunoassays. De- 
hydroepiandrosterone sulfate and cortisol were mea- 
sured by direct radiohmmunoassays as described pre- 
viously. ’ Estradiol was measured as previously de- 
scribed by Resko et al.,° but the assay was modified so 
that procedural losses could be monitored. Approxi- 
mately 1600 dpm of [2,4,6,7--Hlestradiol (New En- 
gland Nuclear, North Billerica, Massachusetts; specific 
activity, 90 to 115 Ci/mmol) were added as internal 
standard to each sample and the samples were incu- 
bated at 37° C for 30 minutes, before extraction with 
diethyl ether and subsequent isolation of the estradiol 
fraction by Sephadex LH-20 column chromatography. 
The estradiol fraction was redissolved in 0.7 ml of 5% 
(vol/vol) methanol in assay buffer, and 0.2 ml aliquots 
were taken for radioimmunoassay (in duplicate) and 
for determination of procedural losses. Approximately 
20,000 dpm of the [?H]estradiol were used as radioli- 
gand in the present radioimmunoassay. 

Dehydroepiandrosterone was quantitated by a mod- 
ification of the procedure described by Ellinwood et al.° 
Stated briefly, after [1,2,6,7--H]dehydroepiandroster- 
one (Amersham; specific activity, 64 Ci/mmol) was first 
added as internal standard for estimation of procedural 
losses, 0.3 ml aliquots of plasma were extracted with 
diethyl ether and that fraction containing dehydroepi- 
androsterone was isolated by Sephadex LH-20 column 
chromatography. The dehydroepiandrosterone frac- 
tion was redissolved in 0.7 ml of 5% (vol/vol) methanol 
in assay buffer, and 0.2 ml aliquots were taken for ra- 
dioimmunoassay (in duplicate) and for determination 
of procedural losses. A highly specific antiserum (Ra- 
dioassay Systems Laboratories, Inc., Carson, Califor- 
nia), raised against 15-carboxyethylmercapto-dehydro- 
epiandrosterone-bovine serum albumin, was employed 
in the radioimmunoassay in conjunction with approx- 
imately 20,000 dpm of the ?H]dehydroepiandroster- 
one as the radioligand. In each sample the amount of 
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Fig. 2. Representative excerpts from continuous recordings of mean distal aortic blood flow (Qud), 
amniotic fluid (AF) pressure, and fetal heart rate (FHR) with alterations in the level of mean Qa in 
an “unstressed” animal (fetuses exhibited no late decelerations). 


tritium in the endogenous dehydroepiandrosterone 
amounted to less than 2% of the total radioactivity 
added to each assay tube. 

All four radioimmunoassays were validated for mea- 
surement of the steroids in baboon pregnancy plasma. 
Accuracy of the assays was established by testing each 
steroid radioimmunoassay for parallelism with serially 
diluted aliquots derived from a pool of baboon mater- 
nal plasma. The resulting curve for each steroid was 

_ parallel to the corresponding standard curve. The in- 
tra-assay and interassay coefficients of variation for 
each of the radioimmunoassays ranged from 5% to 10% 


and from 10% to 15%, respectively. The specificity of 
the radioimmunoassays of estradiol, dehydroepian- 
drosterone sulfate, and cortisol was described previ- 
ously.*® Because our dehydroepiandrosterone radio- 
immunoassay method was not reported before, more 
extensive validation was carried out. Linear regression 
analysis of the dehydroepiandrosterone concentra- 
tion measured (y) versus the dehydroepiandrosterone 
added (x) yielded the following equation and correla- 
tion coefficient: y = L.Ol(x) + 2.84; r = 0.983 (n = 
29). The cross-reactivities of the antiserum with several 
steroids were as follows: dehydroepiandrosterone, 
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Fig. 3. Representative excerpts from continuous recordings of mean Qa, AF pressure, and FHR 
with alterations in the level or mean Qua, in a “stressed” animal (fetuses exhibited repetitive late 


decelerations). 


100%; dehydroepiandrosterone sulfate, 1.3%; andro- 
stenedione, 0.28%; testosterone, <0.01%; progester- 
one, <0.01%; estradiol, <0.01%; estrone, <0.01%. 
Statistical analysis. The data were analyzed by two- 
way analysis of variance with the factors being (1) the 
presence or absence of fetal stress and (2) the level of 
distal aortic blood flow. Animals were nested with re- 
gard to the- presence or absence of fetal stress. Single 


degree of freedom comparisons were carried out for 


the effect of stress, the difference between control and 
occlusion and between occlusion and release, and the 
interaction of these differences with stress. 


Results 


Fetal heart rate. Two distinct patterns were observed 
in the fetal heart rate response to changes in distal 
aortic blood flow. Mild uterine contractions occurred 
infrequently once every 20 to 60 minutes throughout 
these studies. In three animals no periodic change was 
observed in fetal heart rate in association with uterine 
contractions at any of the three levels of blood flow. A 
representative tracing from this “unstressed” group is 
illustrated in Fig. 2. Fetal heart rate was not altered 
despite the marked reduction in the level of blood flow. 

In contrast, the fetal heart rate in the remaining four 
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Fig. 4, Maternal estradiol response to alterations in mean distal 
aortic blood flow in unstressed and stressed animals. 


animals exhibited repetitive late decelerations in asso- 
ciation with uterine contractions under conditions of 
reduced blood flow. A representative tracing from this 
“stressed” group is illustrated in Fig. 3. Fetal heart rate 
decelerations were noted to resolve after release of the 
snare and restoration of distal aortic blood flow in the 
release interval. 

Maternal plasma estradiol concentration and met- 
abolic clearance rate of estradiol. Two distinct patterns 
were also observed in the response of circulating ma- 
ternal estradiol levels to changes in the rate of distal 
aortic blood flow (Fig. 4). In unstressed animals (fetuses 
exhibited no late decelerations) estradiol levels declined 
slightly during occlusion and returned toward control 
values with release of the aortic constriction. In stressed 
animals (fetuses exhibited repetitive late decelerations 
under conditions of reduced distal aortic blood flow) 
estradiol levels were unchanged or rose slightly during 
occlusion but increased dramatically (three- to 10-fold) 
in the release interval. This increase during the release 
interval was significantly greater than in the unstressed 
animals (p = 0.02). 

The metabolic clearance rate of estradiol in the four 
animals receiving the infusion of isotopes are shown in 
Table I. The fetuses in two of these animals were 
stressed and the other two were unstressed, as deter- 
mined by the fetal heart rate pattern observed in as- 
sociation with uterine contractions. However, metabolic 
clearance rate of estradiol varied little throughout our 
studies and exhibited no consistent relationship to the 
level of distal aortic blood flow in either stressed or 
unstressed animals. 

Maternal plasma concentrations of dehydroepian- 
dresterone, dehydroepiandrosterone sulfate, and cor- 
tisol. Mean concentrations of maternal dehydroepian- 
drosterone, dehydroepiandrosterone sulfate, and cor- 
tisol in plasma at each of the three levels of distal aortic 
blood flow are provided in Table II. No consistent pat- 
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tern or significant difference (p > 0.05) in the maternal 
levels of the three steroids was observed in association 
with alterations of maternal distal aortic blood flow in 
either the stressed or unstressed group. 

Maternal plasma production rate of dehydroepian- 
drosterone. Maternal plasma production rates of de- 
hydroepiandrosterone were calculated from the mean 
plasma concentrations of dehydroepiandrosterone and 
the previously reported? plasma metabolic clearance 
rate of dehydroepiandrosterone at each level of distal 
aortic blood flow for the four animals that received 
isotopes (Table III). Maternal plasma production rates 
of dehydroepiandrosterone remained essentially un- 
changed with alterations in the level of distal aortic 
blood flow. 


Comment 


We observed two distinct patterns in the response of 
fetal heart rate and maternal estradiol levels to changes 
in distal aortic blood flow. In those animals whose fe- 
tuses exhibited no fetal heart rate evidence of hypox- 
emic stress, estradiol levels declined slightly during oc- 
clusion and returned toward control values with release 
of the aortic constriction. In stressed animals the abrupt 
decrease in distal aortic blood flow was associated with 
the appearance of repetitive late decelerations in fetal 
heart rate, which disappeared when distal aortic blood 
flow was restored. Estradiol levels were unchanged or 
rose slightly during occlusion but increased three- to 
10-fold in the release interval. Previous studies in 
chronically catheterized rhesus monkeys’? and in ba- 
boons" indicated that late decelerations of fetal heart 
rate are reliable indicators of fetal asphyxia. 

The sharp rise in maternal estradiol levels seen after 
the restoration of uteroplacental blood flow in stressed 
fetuses could be due to one or more of the following 
mechanisms: (1) a decrease in metabolic clearance rate 
of estradiol, (2) an increased production rate of ma- 
ternal androgen precursors, (3) an increase in the frac- 
tional conversion of maternal dehydroepiandrosterone 
to estradiol by the placenta, and (4) an increased pro- 
duction rate of fetal adrenal androgens. 

The striking increase in’ maternal estradiol levels 
could not be explained by an associated decrzase in the 
metabolic clearance rate of the steroid, beczuse meta- 
bolic clearance rate of estradiol remained essentially 
unchanged at all levels of distal aortic blood flow (Ta- 
ble I). Acute surgical stress raises endogenous levels of 
corticosteroids* and the maternal cortisol levels we ob- 
served (Table Il) were higher than levels previously 
reported (approximately 35 wg/dl) in pregnant ba- 
boons during late gestation with vascular catheteriza- 
tion under ketamine anesthesia.” We attribute the 
higher cortisol levels to the more extensive surgical pro- 


cedures performed in this study. However, the marked 
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Table I. Maternal plasma estradiol and metabolic clearance rate of estradiol 


Fetal heart 
rate pattern 


Animal 





Conditions 
10788 Control Unstressed 
Occlusion 
Release 
10789 Control 
Occlusion 
Release 
10795 Control 
Occlusion 
Release 
10796 Control 
Occlusion 
Release 
10798 Control 
Occlusion 
Release 
10800 Control 
Occlusion 
Release 
10803 Control 
Occlusion 
Release 


Stressed 
Stressed 
Unstressed 
Stressed 
Stressed 


Unstressed 


increase in maternal estradiol levels after release of the 
aortic occlusion cannot be explained by a stress-induced 
increase in the maternal production rate of androgens 
relative to control conditions, since no significant or 
consistent change was observed in maternal plasma 
levels of dehydroepiandrosterone, dehydroepiandro- 
sterone sulfate, or cortisol (Table II). Moreover, the 
maternal plasma production rates of dehydroepian- 
drosterone after the release of aortic constriction was 
not significantly different from that observed during 
the period of reduced uteroplacental blood flow in ei- 
ther stressed or unstressed animals (Table III), There- 
fore, although the results of our study must be inter- 
preted within the context of apparent conditions of 
enhanced maternal stress, an increase in maternal an- 
drogen production cannot explain the marked increase 
in estradiol levels during the release interval. In a pre- 
vious study,” we determined the placental transfer con- 
stant of conversion of maternal dehydroepiandroster- 
one to estradiol (PpDE,, that is, the extent of conver- 
sion of maternal dehydroepiandrosterone to estradiol 
occurring specifically in the placenta) at three different 
levels of distal aortic blood flow. Although PpDE, un- 
iformally rose above occlusion values after release of 
the aortic snare, it remained significantly below that 
observed during the initial control interval. Thus while 
enhanced placental aromatization could have contrib- 
uted to the rise in maternal estradiol levels observed 
after restoration of placental blood flow, it cannot fully 
explain the three- to 10-fold increase above control 
estradiol values which we observed in stressed animals. 

Therefore we interpret our results as follows: uterine 
contractions superimposed on a 50% reduction in 
















Plasma metabolic clearance 
rate of estradiol 
(Liday) 










Estradiol 
(pg/ml) 


10703 + 546 515 
6436 + 681 590 
12055 + 1660 466 
4410 + 173 295 
4900 + 1021 271 
22091 + 1853 295 
5598 + 349 470 
9462 + 733 43] 
15433 + 1297 405 
4572 + 68 446 
2668 + 84 493 
413] + 125 386 
3520 + 100 > 
2114 + 152 — 
13013 + 65 — 
1545 + 176 — 
3350 + 100 — 
15765 + 2137 = 
10034 + 612 _ 
4543 + 148 — 
Olli + 1548 ~ 


uteroplacental blood flow elicit signs of hypoxemic 
stress (defined by late decelerations of fetal heart rate) 
in marginally compensated fetuses. while oxygen con- 
sumption is maintained at a higher level in fetuses that 
do not exhibit periodic changes in fetal heart rate." 
Unstressed fetuses have a lower ourput of adrenal pre- 
cursors so that on aortic occlusion a decreased conver- 
sion of available aromatizable substrate is the predom- 
inant effect. After restoration of placental blood flow, 
aromatization is enhanced and maternal estradiol val- 
ues return to control levels. In the stressed fetuses hy- 
poxemia leads to progressive activation of the fetal hy- 
pothalamic-pituitary-adrenal axis end results in an ad- 
renocorticotropic hormone—mediated stimulation of 
fetal adrenal steroidogenesis.? An excess of aromatiz- 
able substrate in the fetal circulation may be sufficient 
to maintain or even to augment estrogen biosynthesis 
under conditions of reduced intervillous blood flow de- 
spite an associated decrease in the fractional conversion 
of dehydroepiandrosterone to estradiol within the pla- 
centa. When uteroplacental blood flow is restored, the 
excess supply of androgenic precursors is more effi- 
ciently aromatized. Since PpDE, is acutely sensitive to 
changes in placental perfusion,’ the increase in blood 
flow results in a prompt rise in the fractional conversion 
of the large amount of substrate that has accumulated 
in the fetal circulation. Enhanced aromatization of an 
increased supply of fetal precursors leads to a marked 
increase in maternal estradiol levels because estradiol 
is preferentially secreted into the maternal circulation 
by the macaque and human placenta’*’* and, by anal- 
ogy, the baboon placenta. 

This interpretation is consistent with the results of 


December 1986 


1324 Fritz, Stanczyk, and Novy . - 
- a Am ] Obstet Gynecol 


Table II. Maternal plasma dehydroepiandrosterone, dehydroepiandrosterone sulfate, and cortisol 






Dehydroepiandrosterone 
sulfate 












Fetal heart Dehydroepiandrosterone Cortisor 








Conditions 





rate patiern 





(ng/dl) 





(ng/ml) 





10788 Control Unstressed 5257 + 187 606 + 23 66.0 t L5 
Occlusion 5521 + 154 742 + 15 65.9 + 3.9 

Release 6092 + 686 714 +8 48.6 + 1.7 

10789 Control Stressed 4469 + 269 587 + 18 73.3 + 1.6 
Occlusion 493] + 122 556 + 17 714421 

Release 5015 + 111 656 + 30 70.6 + 2.8 

10795 Control Stressed 449] + 320 651 + 21 59.6 + 0.8 
Occlusion 5312 + 382 777 + 37 52.0 +08 

Release 3281 + 185 786 + 10 57.8 +02 

10796 Control Unstressed 2809 + 179 283 + 18 49.6 + 5.6 
Occlusion 2572 + 996 325 + 23 44.8 + 0.6 

Release 2817 + 60 503 + ll 72.4 + 34 

10798 Control Stressed 3149 + 160 299 + 12 72.7 + 03 
Occlusion 3084 + 177 369 + 13 95.5 + 2.0 

Release 2550 + 215 505 + 53 74.3442 

10800 Control Stressed 1458 + 77 154 + 12 60.0 + 0.4 
Occlusion 2105 + 66 254 + 3 58.7 + 0.5 

Release 2082 + 200 362 + 12 57.6 £ 1.3 

10803 Control Unstressed 2648 + 72 556 + 35 23.2 + 2.1 
i Occlusion 3403 + 49 719 + 40 46.1 + 0.7 
‘Release 3003 + 143 782 + 85 41.8 + 2.3 


Table III. Maternal production rate of dehydroepiandrosterone 















Plasma metabolic 





Mean plasma clearance rate of Producticn rate of 
. Animal Fetai heart dehydroefandrosterone dehydroepiandrosterone dehydroepiandrosteror.e 
No. Conditions rate pattern (ng/dl) (Liday) (mg/day) 

















`- 10788 Control Unstressed . 5257 892 46.9 
Occlusion 552] 786 43.4 

Release 6092 697 495 

10789 Control Stressed 4469 603 — 269 
Occlusion 4931 559 27.6 

Release 5015 577 28.9 

10795 Control Stressed 449] 841 37.8 
Occlusion 5312 647 344 

Release 3281 810 26.6 

10796 Control Unstressed 2809 621 17.4 
Occlusion l 2572 558 14.4 

Release 2817 518 14.5 


studies involving the fetal administration of adreno- 


corticotropic hormone or androgenic precursors in 
both human and nonhuman primates. Walsh et al.“ ad- 
ministered an infusion of adrenocorticotropic hormone 
to the fetuses of dexamethasone-suppressed rhesus ma- 
caques and observed an increase in fetal dehydroepi- 
androsterone sulfate, androstenedione, and estrone 
concentrations, as well as in maternal estrone and es- 
tradiol. Infusion of exogenous dehydroepiandroster- 
one sulfate or androstenedione to fetuses without con- 
current dexamethasone administration increased fetal 
estrone and maternal estrone and estradiol levels.'* In 
human pregnancy, injection of adrenocorticotropic 
hormone or dehydroepiandrosterone sulfate directly 
into the fetus results in a similar sharp increase in ma- 


ternal estrogens.” Experiments are currently under 


way in our laboratory with use of fetal catheters end 
isotopic methods to document an increase in fetal pro- 
duction rates of dehydroepiandrosterone during 3y- 
poxemic stress. 

Our study provides experimental evidence that the 
factors that regulate placental estrogen Liosynthesis 
(that is, precursor availability, placental biosynthetic za- 
pacity, and placental blood flow) interact in a dynamic 
fashion to modulate circulating estrogen concentra- 
tions. We conclude that (1) placental hypoperfusion 
without fetal stress results in decreased cor.version of 
aromatizable subtrate and (2) elevated maternal estra- 
diol concentrations observed following acute hypex- 
emic fetal stress probably result from enhanced pia- 
cental conversion of an augmented supply of fetal an- 
drogens. From a clinical standpoint a fall in maternal 
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plasma estrogens or their urinary excretion may be a 
relatively late sign of a deteriorating fetal condition. In 
the early development of placental insufficiency or af- 
ter acute episodes of fetal stress, normal or even in- 
creased levels of maternal estrogens may be observed. 
A serious compromise of placental metabolic capacity 
or a progressive decline of fetal adrenal function that 
apparently accompanies chronic stress" may be nec- 
essary before it is reflected in low maternal estrogens. 


The authors gratefully acknowledge the excellent 
technical assistance of Michael J. Cook and William 
Baughman in the surgical preparation of our animal 
model and the conduct of these studies. Special rec- 
ognition is also due Bruce Donaldson, Cynthia Kata- 
yama, and Shirley Trogdon for their efforts in the pro- 
cessing and assay of plasma samples. 
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Forskolin-stimulated adenylate cyclase activity in fetal and 
adult rabbit myocardial membranes 


Christos G. Hatjis, M.D. 
Winston-Salem, North Carolina 


It has previously béen reported that there is an increase in the concentration of myocardial B-adrenergic 
receptors as well as an increase in the Sensitivity of adenylate cyclase stimulation by L-isoproterenol in 
fetal rabbit myocardial membranes from 21 to 31 days’ gestation. To investigate whether a change in the 
catalytic component of the B-adrenergic receptor—adenylate cyclase complex is responsible for the 
observed increase in adenylate cyclase activity, | have measured the latter in the presence of forskolin and 
manganese chloride, compounds that can directly stimulate the catalytic component. Myocardial 
membranes were obtained from fetal rabbits at 21, 28, and 31 days’ gesta-ion and from pregnant adult 
animals. Theré was an increase in basal adenylate cyclase activity from tha fetal to the adult stage. The 
percent of maximal stimulation by L-isoproterenol in fetuses from 21 through 28 to 31 days’ gestation and 
in the adult animal. However, although forskolin was the most potent stimulator of adenylate cyclase, the 
degree of stimulation was equivalent in all groups tested. Similar results were obtained with manganese 
chloride. We conclude that the catalytic component of the B-adrenergic recaptor—adenylate cyclase 
complex in myocardial membranes is stimulated to an equivalent degree at all gestational ages in fetal and 
adult rabbits and shows no maturational changes. (AM J Osstet GYNECOL 1986;155:1326-31.) 


Key words: Forskolin, adenylate cyclase activity, fetal myocardium, adult myocardium 


The stimulatory effects of exogenous or endogenous 
catecholamines on myocardial cells are primarily, but 
not exclusively, mediated via B-adrenergic receptors. 
These in turn regulate inotropic and chronotropic 
myocardial response to stimuli through adenylate cy- 
clase. ‘This enzyme catalyzes the synthesis of 3’ ,5'-cyclic 
adenosine monophosphate, which acts as a second mes- 
senger.' 

The B-adrenergic receptor—adenylate cyclase system 
is composed of at least three distinct protein com- 
ponents: a catalytic subunit that converts the sub- 
strate magnesium—adenosine triphosphate to 3'5’-cy- 
clic adenosine monophosphate (3'5‘-cAMP); a stimu: 
latory guanine-nucleotide binding protein (G) that 
mediates hormonal responsiveness and enzymatic ac- 
tivation; and a hormone receptor. Each of these com- 
ponents is most likely made up of more than one poly- 

peptide subunit. 

_ In studying the properties of the B-adrenergic re- 
ceptor—adenylate cyclase system in fetal and adult rab- 
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bit myocardial membranes, it has previously been 
shown that the concentration of myocarcial B-adren- 
ergic receptors is significantly increased with advanzing 
gestation and into the adult period.? Morecver, the sen- 
sitivity of adenylate cyclase to stimulation by L-isozro- 
terenal was significantly increased from 21 to 31 cays’ 
gestation (term 31 days).* In contrast, the f-adrenergic 
receptor—guanine-hucleotide binding protein interac- 
tion did not appear to show any maturational changes.’ 

To further elucidate the molecular relacionship be- 
tween the various components of the B-adrenergic re- 
ceptor—adenylate cyclase system in fetal and adult myo- 
cardial membranes, experiments were performec. to 
determine the activity of the catalytic component of zhis 
complex and to answer the question whether the zat- 
alytic component is regulated independen:ly of B-ad- 
renerg:c receptor concentration and hormone-depen- 
dent adenylate cyclase activity. For this purpose we used 
two compounds that, in most systems studied, have 
been shown to directly stimulate the catalytic ccm- 
ponent: forskolin, a diterpene extracted from <he 
roots of Coleus forskohlii, a potent hypotensive, vasod la- 
tory, and antispasmolytic agent,” and manganase 
chloride.*® 


Material and methods 

Material. a-**P-adenosine triphosphate (2-**P-ATP) 
(20 to 40 Ci/mmol) and [3’,87H]3’5’-cAMP (15 Si/ 
mmol) were obtained from New England Nuclear. 
Other drugs and materials were obtained rom com- 
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NaF L-ISO (100 am), 
(10MM) + GTP (100 um) 


[] Fetal Rabbits, 0.66 Gestation [i] Adult, Pregnant’ Rabbits 
Mi Fetal Rabbits, 0.88 — 0.97 Gestation 


Fig. 1. Basal and stimulated adenylate cyclase activity as a function of animal age. Numbers in bars 
refer to the number of animals studied in each group. There was an increase in the basal enzymatic 
activity with advancing gestation into, the adult period (p < 0.05). The same is seén with sodium 
fluoride— and L-isoproterenol—stimulated adenylate cyclase activity (p < 0.05). 


mercial sources and were of reagent grade. Forskolin 
was purchased from Calbiochem and dissolved in 95% 
ethanol (10 mmol/L). 

Preparation of heart homogenates.’ Pregnant New 
Zealand White rabbits with time-dated gestations were 
put to death at 21, 28, and 31 days’ gestation (term 31 
days). Adult and fetal heart.ventricles were then re- 
moved, immersed in liquid nitrogen, and stored frozen 
at — 70° C. On the day of the assay, the heart ventricles 
were placed in five to 10 volumes per gram of wet 
weight of ice-cold 0.9% sodium chloride (w/v) and Tris 
hydrochloride, 20 mmol/L (buffer A), pH 7.5. They 
were then minced with scissors and homogenized with 
a Brinkman Polytron (setting 6 or 7, 10 seconds). A 
crude membrane preparation was obtained after cen- 
trifugation at 20,0C0 x g for 10 minutes (4° C). The 
pellets were then resuspended in 2 ml of ice-cold buf- 
fer A and preincubated for 15 minutes at 30° C in the 
presence of dithiothreitol, 0.5 mmol/L, ethyleneglycol- 
bis(B-aminoethy] etner)-N,N’-tetraacetic acid (EGTA), 
0.17 mmol/L, hycrochloric acid, 1 mmol/L, 0.2% 
bovine serum albumin, and magnesium chloride, 5 
mmol/L, pH 7.45. The suspension was then recentri- 
fuged as previously outlined. The resulting pellet was 
resuspended in ice-cold buffer A (100 to 150 vol- 
umes X grams of wet weight) and used in the assay. 

Adenylate cyclase assay. Adenylate cyclase activ- 
ity was determined by measuring the conversion of 
a-*P-ATP to [*P]cAMP and isolating the product by a 
modification* of a method developed by Salomon 


et al.” The reaction was carried out in triplicate at 
30° C for 10 minutes in a final volume of 0.2 ml 
containing 0.1 ml of membrane fraction (0.01 to 
1.3 mg of protein per tube) and Tris hydrochloride, 
50 mmol/L, pH 7.5, 0.45% sodium chloride, ATP, 
0.5 mmol/L, magnesium chloride, 5 mmol/L, EGTA, 
0.17 mmol/L, cAMP, 0.05 mmol/L, dithiothreitol, 0.5 
mmol/L, 3-isobutylmethylxanthine, 0.75 mmol/L, cre- 
atinine kinase, 0.1 mg/ml, creatine. phosphate, 10 
mmol/L, and 1 to 2 x 10° cpm of a-P-ATP. Appro- 
priate drugs were added as required. The reaction was 
initiated by adding the membrane fraction to the in- 
cubation tubes. It. was linear with respect to time (up 
to 20 minutes) and protein concentration. The reaction 
was terminated by the addition of 0.25 ml of a solution 
containing Tris hydrochloride, 5G mmol/L, (pH 7.5), 
ATP, 5 mmol/L, 3’5’-cAMP, 1 mmol/L, and 5% sodium 
dodecyl sulfate. *H-cAMP (10,00C to 25,000 cpm per 
tube) was added to all tubes to serve as an internal 
standard and monitor the efficiency of recovery. The 
tubes were then placed in boiling water for 10 minutes 
and allowed to cool down to room temperature. [*P]- 
cAMP was isolated with the use of sequential Dowex 
(AG 50W-X4, 200 to 400 mesh, Bio-Rad) and neutral 
alumina columns and counted in a scintillation counter 
(Packard). Recovery of 3’5'-cAMP was determined by 
the percent recovery of 7H-cAMP external standard in 
each sample. 

Results have been corrected for percent recovery 
(routinely greater than 60%). Enzymatic activity was 
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L-ISO + 
GTP (100 pM) 


Adult, Pregnant Rabbits 


Mi Fetal Rabbits, 0.88 — 0.97 Gestation 


Fig. 2. Percent stimulation of adenylate cyclase activity over the basal level as a function of animal 
age. There were no significant differences with regard to guanosine triphosphate—dependent stim- 
ulation. Sodium fluoride stimulated adenylate cyclase activity to an equivalent degree in the fetal 
state. However, there was a significant increase in the adult animal (p < 0.05). In contrast, there 
was a gradual increase from 21 through 28 to 31 days’ gestation with regard to L-isoproterenol 
stimulation. There was a further increase in the adult myocardial membranes (p < 0.05). Groups 
and number of animals per group are the same as in Fig. 1. Data shown in Fig. 1 were used to 


calculate percent changes. 


expressed as picomoles of 3’5'-cAMP produced per 
milligram of protein per minute per heart. The nor- 
malization per heart was necessary in order to account 
for the differences in the amount of tissue used per 
experiment (for fetal animals the entire ventricle had 
to. be used, while for adult animals only an aliquot was 
required). 

= Protein assay. Protein concentrations were deter- 
mined according to the method of Bradford” with bo- 
vine serum albumin used as a standard. 

Statistical analysis. Results are expressed as mean + 
SEM. We utilized analysis of variance to test the null 
hypothesis that there was no difference in basal and 
drug-stimulated enzymatic activity with advancing ges- 
tation and in the adult animal. Since absolute values of 
adenylate cyclase activity varied considerably depend- 


ing on the age of the animal (fetus versus adult), a logy. | 


transformation of the data was carried out to satisfy 
the prerequisite of homogeneity of variance.” A p value 
of <0.05 was considered significant. 


Results 

First, adenylate cyclase activity was determined under 
basal conditions as well as after stimulation with sodium 
fluoride and L-isoproterenol in the presence of gua- 
nosine triphosphate (Figs. 1 and 2). There was a sig- 
nificant increase in basal adenylate cyclase activity from 


the fetal animal to the adult. Guanosine triphosphate 
stimulated basal adenylate cyclase activity to an equiv- 
alent degree in all animal groups. Sodium fluoride stim- 
ulated basal adenylate cyclase activity significantly in all 


- groups. The degree of stimulation was higher in adult 


than in fetal animals. While the previous observations 
concerning the equivalent degree of sodium fluoride 
stimulation in fetal myocardium were confirmed, the 
experiments presented here show that there is a change 
in the sensitivity to sodium fluoride stimulation from 
the fetal to the adult animal. . 

Finally there was a significant increase in adenyiate 
cyclase stimulation by L-isoproterenol in all groups. 
However, the degree of stimulation was the highes: in 
the adult animal and the lowest in the 21-day pups. 
These observations extend previous results concerning 
adenylate cyclase activity in fetal rabbit hearts." 

Next the stimulation of enzymatic activity in the pres- 
ence of forskolin and manganese chloride was stud.ed 
(Figs. 3 and 4). In the presence of ethanol (diluent Tor 


- forskolin), basal and adenylate cyclase activity did not 


change appreciably. Forskolin was the most potent stm- 
ulator of myocardial adenylate cyclase activity in all 
groups. Although the absolute value for forskolin-de- 
pendent stimulation was higher in the adult animal, the 
degree of stimulation was equivalent in all three groups 
(regardless of the choice for basal activity). Addition of 


Volume 155 
Number 6 


El 


NO 


—k 





Log (3’, 5’ - cAMP, pmol/mg protein/min) 
Q 


© 





Basal 


(6%) 


[] Fetal Rabbits, 0.66 Gestation 





Forskolin 
(100 aM) 


Forskolin-stimulated adenylate cyclase activity 1329 








4 
MnClo 
(10mM) 


fl] Adult, Pregnant Rabbits 


MH Fetal Rabbits, 0.88 — 0.97 Gestation 


Fig. 3. Forskolin- and manganese chloride—dependent stimulation as a function of animal age. 
Groups and number of animals per group are the same as in Fig. 1. 


guanosine triphosphate did net alter the response sig- 
nificantly (unpublished observations). Finally man- 
ganese chloride—dependent stimulation was similarly 
studied. Manganese chloride stimulated adenylate cy- 
clase activity significantly in all groups. However, the 
degree of stimulation was equivalent in the three 
groups studied. 


Comment 


The regulation of cellular responses by cyclic nu- 
cleotides continues to be an area of intense investiga- 
tion. 3’5’-cAMP as a second messenger mediates hor- 
monal effects ranging from intermediary metabolism 
to smooth muscle relaxation to myocardial contractility 
and heart rate. Stimulation of myocardial cells by B- 
adrenergic receptor agonists results in an increase of 
3'5'-cAMP production and an increase in contractility 
as well as heart rate." '* Jt has been shown? that the B- 
adrenergic receptor and the catalytic 'components of 
the adenylate cyclase system are coupled with a stim- 
ulatory guanosine triphosphate—binding protein (G, 
protein). Binding of B-adrenergic receptor agonists, 
but not antagonists, to the B-adrenergic receptor results 
in a high-affinity state of the B-adrenergic receptor, 
which in turn interacts with G, protein and activates it. 
Guanosine triphosphate can then bind to the B-adren- 
ergic receptor—G-protein complex, dissociate the ago- 
nist from the B-adrenergic receptor, and stimulate the 
catalytic component of the complex. Guanosine tri- 
phosphate is subsequently hydrolyzed and dissociates 
from the G protein. 


It has previously been shown, in fetal rabbit myo- 
cardial membranes, that advancing gestation results in 
a significant increase in the density of B-adrenergic re- 
ceptors as well as basal and L-isoproterenol—stimulated 
adenylate cyclase activity.” * Stimulation of the enzyme 
by L-lsoproterenol depended on the presence of gua- 
nosine triphosphate. However, the interaction between 
B-adrenergic receptors and G, protein did not change 
significantly with advancing gestation.’ In this paper 
new data are presented regarding the catalytic com- 


= ponent of the complex and the previous observations 


of L-isoproterenol—dependent adenylate cyclase stim- 
ulation are extended to the adult animal. 

To characterize its activity, two agents were used that 
have been previously shown to directly stimulate the 
catalytic component of B-adrenergic receptor—adenyl- 
ate cyclase complex, forskolin,®*’ and manganese chlo- 
ride.*'° In general forskolin activation of adenylate cy- 
clase does not appear to depend on the presence of 
guanosine triphosphate or B-adrenergic receptors. In 
cell-free reconstitution experiments in lipid micelles, 
the presence of the catalytic component was the only 
prerequisite to show forskolin stimulation. Addition of 
G protein and guanosine triphosphate did not alter the 
response. Although the latter observation confirms the 
unique properties of forskolin, it does not rule out the 
presence of other factor(s) associazed with the catalytic 
component that may modify the interaction between 
the latter and forskolin. Moreover, in some systems, 
hormone- and guanosine triphosphate—dependent ad- 
enylate cyclase stimulation can be augmented in the 
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Fig. 4. Degree of adenylate cyclase stimulation over the basal level in the presence of forskolin and 


manganese chloride. Data shown in Fig. 3 were used for the calculations. Group and number of 


animals per group are the same as in Fig. 1. Forskolin-A: Forskolin/basal; Forskolin-B: forskolin/basal 
plus ethanol. Although there appears to be a trend towarc higher stimulation with Forskolin-A in 
the adult animal and a reversed trend with manganese chloride, none of these reached statistical 


significance. 


presence of submaximal concentrations of forskolin. 
Thus it has been suggested that there might be an in- 
teraction between the G protein and forskolin-induced 
stimulation of the catalytic component." '° To date, the 
precise nature of this interaction is not known and fur- 
ther experiments are needed to elucidate this point. 

My colleagues and I found that in both fetal and adult 
myocardial membranes forskolin is the most potent 
stimulator of adenylate cyclase activity. Its action ap- 
pears to be independent of guanosine triphosphate, 
suggesting that under these conditions forskolin by- 
passes the G protein. This observation is in contrast to 
other systems in which guanosine triphosphate is in- 
volved in the stimulation of adenylate cyclase by for- 
skolin. Differences in species and experimental design 
may be partly responsible for these conflicting obser- 
vations. 

More important, since the percent increase in ade- 
nylate cyclase activity by forskolin over basal activity in 
fetal and adult myocardial membranes is equivalent, it 
appears that there is no maturational change in this 
activity with advancing gestation or in the adult animal. 

Manganese chloride directly stimulates the catalytic 
component of the complex. The precise mode of action 
is not known and interaction with the inhibitory G pro- 
tein (G,) cannot be ruled out.'”'* In our system, man- 
ganese chloride significantly increased adenylate cy- 
clase activity but to a lesser extent than that seen with 


forskolin. Similar to the observations with forskolin the 
percent increase of manganese chloride—dependent 
stimulation is equivalent in all groups of animals. 
This is the first instance where an indirect assay of 
the catalytic activity of the B-adrenergic r2ceptor—ad- 
enylate cyclase complex has been reported in myozar- 
dial membranes as a function of gestational age. Our 
results, combined with our previous observations con- 
cerning myocardial B-adrenergic receptor density and 
B-adrenergic receptor—mediated adenylate cyclase ac- 
tivity, demonstrate that these components of the myo- 
cardial adenylate cyclase system may show different 
maturational profiles. Specifically, myocard:al B-adren- 
ergic receptors show an increase’ in concentration with 
advancing gestation that is reflected in the degree of 
stimulation of adenylate cyclase activity by L-isoproter- 
enol.* As shown in this article, further increases are 
observed in the adult myocardium. Similarly, in zhe 
adult animal a further increase is observed with regard 
to sodium fluoride stimulation. Since sodium fluor de 
stimula-ion is mediated directly through G? these re- 
sults suggest that the function of the latter component 
may undergo significant maturational changes. Hew- 
ever, forskolin- and manganese chloride—mediated ed- 
enylate cyclase activities did not show any smmilar mat- 
urational effects. Thus it would appear that tne catalytic 
activity of the B-adrenergic receptor—adenylate cyclase 
complex in fetal and adult myocardial membranes 
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may be regulated independently of the other com- 
ponent(s). 

The fact that forskolin is a stronger stimulator of 
adenylate cyclase activity than L-isoproterenol suggests 
that the former may bea more potent agent with regard 
to myocardial cell contractility. Further work should 
provide an approach to selective manipulation of this 
adenylate cyclase system in intact cells and intact or- 
ganisms that will significantly improve our understand- 
ing of the in vivo control of myocardial contractility. 
Recognizing the potential pitfalls associated with ex- 
tending in vitro observations to in vivo systems, this and 
similar studies may provide valuable insight into fetal 
and neonatal heart function as well as the treatment of 
fetal and neonatal cardiovascular problems. 


The excellent technical assistance of J.D. Bottoms is 
greatly appreciated. 
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Plasma adrenocorticotropic hormone and cortisol and adrenal 


blood flow during sustained hypoxemia in fetal sheep 


J. R. G. Challis, Ph.D., D.Sc., B. S. Richardson, M.D., D. Rurak, D.Phil., 
M. E. Wlodek, B.Sc., and J. E. Patrick, M.D. 


London, Ontario, and Vancouver, British Columbia, Canada 


We examined the effect of sustained hypoxemia with progressive acidemia on pituitary-adrenal endocrine 
function (adrenocorticotropic hormone, cortisol) and on adrenal blood flow in fetal sheep. Hypoxemia was 


induced by the maternal sheep breathing a gas mixture containing 9% oxygen, with 3% carbon dioxide 
added. Induced hypoxemia resulted in a progressive fetal metabolic acidosis but with little change in 
maternal pH. During induced hypoxemia there was little change in maternal plasma adrenoccrticotropic 
hormone or cortisol level. Fetal adrenocorticotropic hormone and cortisol increased to peak values within 
2.8 hours of induced hypoxia but by 7.2 hours had begun to fall to values that were not significantly 
different from those at 1.4 hours. Fetal adrenal blood flow (microsphere technique) also increased 
significantly and remained elevated throughout the duration (7.2 hours) of hypoxemia. The maximum fetal 
adrenal blood flow achieved during hypoxemia was significantly correlated with the basal (prehypoxemia) 
flow to the adrenals. We conclude that the changes in fetal adrenocorticotrapic hormone, cortisol, and 
adrenal blood flow seen in short-term hypoxemia are reproduced during sustained hypoxemia with 
acidemia. Furthermore, the noted rise in the fetal adrenocorticotropic hormone level may be an important 
factor contributing to the increase in adrenal blood flow during hypoxemia. (4m J OBSTET GYNECOL 


1986;155:1332-6.) 


Key words: Adrenocorticotropic hormone, cortisol, adrenal blood flow, hypoxemia 


The endocrine and cardiovascular changes that ac- 
company short-term (l-hour) episodes of induced hy- 
poxemia in the ovine fetus have been described by sev- 
eral investigators.” The hormonal changes include 
increases in the fetal plasma concentration of adreno- 
corticotropic hormone, vasopressin, catecholamines, 
and cortisol.'* Blood flow to most body organs is re- 
duced, but it increases to the fetal adrenal gland, heart, 
and brain.ê Stimulatory effects of adrenocorticotropic 
hormone on adrenal blood flow have been described 
in the adult of several species, including man,° raising 
the possibility of a relationship between adrenocorti- 
cotropic hormone and adrenal blood flow in the fetus. 

In contrast to the effects of short-term hypoxia, the 
results of sustained hypoxemia with progressive aci- 
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demia on fetal endocrine responses and on alterations 
in organ blood flow are not known. Thus the present 
study was conducted to determine whether fetal en- 
docrine responses (adrenocorticotropic hormone, cor- 
tisol) were maintained if hypoxemia was sustained cur- 
ing several hours. Additionally, to understand be:ter 
the factors influencing changes in adrenal blood Fow 
during hypoxemia we determined the temporal rela- 
tion of changes in the plasma concentration of adreno- 
corticotropic hormone and cortisol with alterations in 
blood flow to the fetal adrenal glands. 


Material and methods 


Surgical procedures. Studies were carried out in 14 
fetal sheep of mixed breed between days 127 and 135 
of pregnancy (term 145 to 147 days). The fetuses were 
prepared for study at least 4 to 7 days before the ex- 
periment. With the animals under general anesthesia, 
polyvinyl catheters were implanted into a fecal femocal 
artery, femoral vein, axillary artery, and the sagittal 
vein and umbilical vein.” * Electrodes of stainless steel 
Tefion-coated wire (Cooner Corp., Chatsworth, Cali- 
fornia) were implanted biparietally on the dura for fezal 
electroencephalographic recordings, through the or- 
bital ridge of the zygomatic bone of each eye for electro- 
ocular recordings, and across the sternum for fecal 
heart rate recordings. The maternal femoral artery and 
vein also were catheterized. Details of the surgical pro- 
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Table I. Changes in fetal arterial pH, Po,, and Pco, in fetal sheep during air breathing and sustained 


hypoxemia 


Control (air breathing, 


= 4) 
pH 7.33 + 0.01 T32 
Pao, 22:7 0.2 22:7 
Paco, 50.9 + 1.2 517 

Experimental (hypoxemia, 

n = 10) 
pH 7.32 + 0.01 7.28. 
Pao, 18.8 + 1.1 11.1 
Paco, 52.8 + 1.3 48.1 


cedures and postsurgical management of the animals 
have been described in detail previously.” ë Cerebral 
and umbilical metabolic measurements and the results 
of biophysical monitoring will be published elsewhere. 

Experimental procedures. Experiments were per- 
formed with the mother’s head placed in a large per- 
spex chamber positioned within the animal’s own me- 
tabolism cage, and allowing free access to food and 
water throughout the study period. The animals 
adapted quickly to the perspex chamber without overt 
signs of stress (also see below). In all experiments air 
was circulated through the chamber during an initial 
60-minute control period. Sustained fetal hypoxemia 
was then induced on an average for 8 hours in 10 sheep 
in which the maternal inspired oxygen concentration 
was reduced to 9% with 3% carbon dioxide added. Four 
additional animals served as controls; in these sheep 
air was circulated through the chamber during the en- 
tire study period. At pre-selected pH values (see Re- 
sults) blood samples were taken from the maternal ar- 
tery (2 ml) and the fetal femoral artery (1.5 ml) for 
metabolite and hormone measurements, and micro- 
sphere injections were made for blood flow determi- 
nations in the experimental animals.” * The average 
sampling times were control (— 30 minutes to time 0), 
and at 1.4, 2.8, 5.6, and 7.2 hours of induced 2 
poxemia. 

Maternal and fetal femoral arterial blood ganie: 
were drawn into heparinized syringes. Oxygen content 
was determined with a Lex-O,-Con (Lexington Corp., 
Waltham, Massachusetts). Blood pH, Po, and Pco, 
were analyzed on an ABL-3 blood gas analyzer with 
temperature corrected to 39° C (Radiometer Ltd., Co- 
penhagen, Denmark). The remaining blood was cen- 
trifuged in plastic tubes at 1500 x g for 10 minutes at 
4° C. The plasma was stored at — 20° C. Immunoreac- 
tive adrenocorticotropic hormone and cortisol were de- 
termined with radioimmunoassays that we have de- 
scribed and validated previously.’ 


l+ i+ l+ 


I+ it it 


Time 


7.2 hr 
0.01 7.33 + 0.01 7.33 + 0.0] 7.34 + 0.01 
1.2 93.9 + 0.3 23.1 + 0.6 99.5 + 0.6 
1.] 49.6 + 0.9 48.8 + 0.7 49.3 + 1.0 
0.0! 7.15 + 0.01 6.98 + 0.02 6.86 + 0.03 
0.7 10.3 + 0.6 ll.l + 0.7 12.1 + 0.7 
La 48.8 + 1.7 48.7 + 1.7 50.6 + 1.3 


` Regional blood flow was measured with microspheres 
15 wm in diameter (New England Nuclear, Boston, 
Massachusetts), labeled with one of five different ra- 
dioisotopes (cerium 14], chromium 51, ruthenium 103, 
niobium 95, or scandium 46) according to previously 
published methods.” * The reference sample was with- 
drawn from the femoral artery with a Harvard infu- 
sion-withdrawal pump at a rate of 2.40 ml/min. Total 
blood flows to the right and left fetal adrenal glands 
were measured and expressed as milliliters per 100 gm 
of weight per minute. 

Data analysis: The results are presented as 
mean + SEM for the number of animals stated. In 
some experiments sampling difficulty was encountered, 
so that not all studies were completed in each fetus. All 
animals survived the experimental period of induced 
hypoxemia. The effects of air or hypoxemia on ma- 
ternal and fetal adrenocorticotropic hormone and cor- 
tisol concentrations and on fetal adrenal blood flow 
were determined by use of two-way unbalanced analysis 
of variance. Statistical analyses were performed on log- 
arithmically transformed data when Bartlett’s test re- 
vealed heterogeneity of variance. Multiple comparisons 
were made with the use of Duncan’s test with p < 0.05. 


Results 


Fetal blood gases a pH. There were no significant 
effects of time on fetal arterial pH, Po,, or Pco, in the 
animals breathing air (Table I). During induced hy- 
poxemia the fetal Pag, decreased to 10 to 12 mm Hg. 
The fetal Paco, fell in the experimental animals from 
a mean control value of 52.8 + 1.3 mm Hg, but during 
the study period it was not significantly different from 
the values in animals breathing air. The experimental 
animals developed a progressive metabolic acidosis 
during the 7.2 hours of sustained hypoxemia (Table I). 

Maternal endocrine responses. The mean concen- 
tration of adrenocorticotropic hormone in maternal 
plasma varied between 41.1 and 55.3 pg/ml in the an- 
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Fig. 1. The concentration of adrenocorticotropic hormone 
(ACTH) and cortisol in maternal arterial plasma before, and 
during periods of air breathing (©) or hypoxia (@). All values 
are mean + SEM. In the control study n = 4 animals, with 
observations from seven to 10 animals during hypoxemia. 


imals breathing air and between 30.4 and 43.4 pg/ml 
during hypoxemia. There were no significant differ- 
ences in maternal plasma adrenocorticotropic hormone 
concentrations at different times between the two 
groups of animals (Fig. 1). Similarly, although the ma- 
ternal cortisol concentrations tended to be higher in 
the experimental group, these values were not signif- 
icantly different from those in the control animals at 
any time during the study (p > 0.05).: 

` Fetal endocrine responses. In animals breathing 
air, the mean fetal plasma adrenocorticotropic hor- 
mone, concentration ranged between 21.8 + 5.4 and 
27.9 + 6.2 pg/ml and did not change significantly 
with time (Fig. 2). Similarly, fetal plasma cortisol con- 
centrations (5.3 + 1.6 to 10.3 + 2.0 ng/ml) did not 
alter significantly with time. The mean fetal adreno- 
corticotropic hormone concentration rose significantly 
from control values of 20.5 + 4.5 pg/ml to peak values 
of 984.2 + 451.8 pg/ml at 2.8 hours cf hypoxemia 
(Fig. 2). There was a similar significant rise in the con- 
centration of cortisol in fetal plasma to peak values of 
64.8 + 10.4 ng/ml at 2.8 hours. There was a tendency 
for the concentrations of both adrenocorticotropic hor- 
mone and cortisol to decrease at 7.2 hours of hypox- 
emia (Fig. 2), but these values were not significantly 
different from the peak concentrations of either 
hormone. | si, 

Fetal adrenal blood flow response. The mean com- 
bined blood flow to the fetal adrenal glands rose sig- 
nificantly (p < 0.05) from 476 + 82 ml/100 gm/min 
during the control period to peak values of 1184 to 
- 1494 ml/100 gm/min between 2.8 and 7.2 hours of 
hypoxemia (Figs. 3 and 4). Thus, at 7.2 hours of in- 
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Fig. 2. The concentration of adrenocorticotrovic hormone 
(ACTH) and cortisol in fetal arterial plasma before and during 
periods of air breathing (©) or. hypoxia (@). All values are 
mean + SEM. In the control study n = 4 animals, with ob- 
servations from seven to 10 animals during hypoxemia. For 
the contro] group most SEM values are less than the size of 
the data point. 


duced hypoxemia, fetal adrenal blood flow was cleerly 
maintained although fetal plasma adrenocorticotropic 
hormone concentrations had decreased to values taat 
were not statistically different from those at 1.4 
hours (Fig. 4). When all time points were considered, 
there was a significant relationship between the fe- 
tal plasma adrenocorticotropic hormone concentra- 
tion and fetal adrenal blood flow (linear regressicn, 
y = l.14x + 603, r = 0.654, n = 40, p < 0.01). At :n- 
dividual times, the best, correlation between plasma ad- 
renocorticotropic hormone and fetal adrenal blood 
flow was at 5.6 hours of hypoxemia (r = 0.858, n = 8; 
p < 0.05), 

There was no significant correlation bezween the 
maximum fetal adrenal blood flow and the highest 
adrenocorticotropic hormone concentration achieved 
during hypoxemia in individual fetuses (r = 0.347, 
n = 9, p > 0.05). However, we found that the maxi- 
mum A change in adrenal blood flow over basal adrerál 
blood flow and the absolute maximum adrenal blocd 
flow were directly correlated with the baszl adrenal 
blood filcw, determined before the start of the hypoz- 
emic period (r = 0.696 and 0.844, respectively, n = 3, 
p < 0.01, Fig. 5). 


Comment 

In the present study we found that the stimulation 
of fetal pituitary adrenal function and the ircrease in 
blood flow to the fetal adrenal gland that occurs during 
short-term hypoxemia were maintained during sus- 
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Fig. 3. The effect of sustained hypoxia on total blood flow to 
both adrenal glands in fetal sheep. Each value represents the 
mean + SEM of measurements made on eight or nine fetuses. 


tained hypoxemia with acidemia. The stability of fetal 
blood gasés when the ewes breathed air only for 8 hours 
and the concomitant relative stability of maternal and 
fetal adrenocorticotropic hormone and cortisol con- 
centrations support the validity of the model we have 
used. 

We found that the elevations in fetal plasma adreno- 
corticotropic hormone concentrations were related 
temporally to an increase in blood flow to the right and 
left adrenal glands, although at 7.2 hours there was a 
tendency for- plasma adrenocorticotropic hormone and 
cortisol to-decrease while adrenal blood flow was main- 
tained. These temporal associations are consistent with 
the view that elevations in fetal plasma adrenocorti- 
cotropic hormone in response to hypoxemia are ré- 
sponsible in part for stimulation of fetal adrenal blood 
flow.® Changes in fetal adrenal blood flow may contrib- 
ute to the rises in plasma cortisol by increasing substrate 
supply or by removing intra-adrenal inhibitory factors" 
and may augment any acute steroidogenic effects that 
adrenocorticotropic hormone has on the adrenal gland. 
Further, Sjostrand" reported in the mouse that various 
stressful stimuli that may provoke pituitary-adrenocor- 
tical function also produced an increase in adrenocor- 
tical capillary dilatation, resulting in increases in the 
blood content of the gland. The extent of hyperemia 
under the conditions of the present experiments re- 
quires additional study. 
` We measured blood flow to the entire adrenal and 
did not determine changes in the adrenal cortex and 
medulla separately. In the rat, however, there is con- 
tinuity of sinusoids between the adrenal cortex and 
medulla, and it has been suggested that flow to both 
regions of the gland may be under some common con- 
trol.° Such control could be effected at the level of the 
muscle fibers in the subcapsular arteriolar plexus.® The 
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Fig. 4. The temporal relationship between changes in total 
blood flow to both adrenal glands (upber panel) and plasma 
adrenocorticotropic hormone (ACTH) concentrations (lower 
panel) before and during hypoxemia in fetal sheep. Each his- 
togram shows the mean + SEM of logarithmically trans- 
formed data from seven to nine fetuses. Bars with different 
letters are statistically significantly different from each other 
(one-way analysis of variance. Duncan’s multiple range test 
with p < 0.05). 
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Fig. 5. The correlation between the basal total blood flow to 
the right and left adrenal glands and the maximum blood flow 
to the adrenal glands within the same fetus achieved at any 
time during sustained hypoxemia. The correlation coefficient 
(r) = 0.844, p < 0.01. 


ability of adrenocorticotropic hormone to promote se- 
cretion of epinephrine and norepinephrine” might be 
explicable through concurrent blood flow changes to 
the medulla as well as the cortex and could contribute 
to the rises in plasma catecholamine levels seen during 
hypoxemia.” ? 
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Factors other than adrenocorticotropic hormone 
could have contributed to the changes in adrenal blood 
flow. Direct effects'of lowered Pao, or acidemia are not 
excluded in our studies. Others have shown that hy- 
perglycemia, with subsequent fetal hypoxemia," pro- 
vokes changes in adrenal blood flow similar to those 
reported here.” Prostaglandins and vasoactive intesti- 
nal peptide perhaps produced locally, influence adrenal 
blood flow in some adult animals.® In the present ex- 
periments, the suggestion of a temporal dissociation at 
7.2 hours between falling adrenocorticotropic hormone 
concentrations and sustained fetal adrenal blood flow 


‘would be compatible with an additional component 


being involved in the flow control mechanisms. Simi- 
larly, the direct relationship between basal blood flow 
and the maximum stimulated blood flow during hy- 
poxemia may reflect the basal and stimulated activi- 
ties of intra-adrenal regulatory factors, for example, 
changes in one or more of the enzymes associated with 
prostaglandin biosynthesis. A similar suggestion has 
been made in that differences in the potential for pros- 


' tacyclin genération may contribute to the different sen- 


sitivities to angiotensin II of uterine arteries from the 
nonpregnant and pregnant ewe.’ 


We thank Mr. J. Homan, Ms. L. Carmichael, and Mrs. 
Nan Cumming for their help with this work. 
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Changes in prostaglandin transfer across human fetal 
membranes obtained after spontaneous labor 


S. Nakla, M.D., K. Skinner, M.Sc., B. F. Mitchell, M.D., and J. R. G. Challis, Ph.D., D.Sc. 


London, Ontario, Canada 


increased prostaglandir E, production from amnion is thought to be a critical step in the initiation of human 
parturition, However, it is not known whether amniotic prostaglandin E, can reach the decidua and/or 
myometrium. We examined whether prostaglandin E, could cross the amnion and full-thickness 
membranes and whether this capacity changed with active labor. Using an in vitro system we found that 
there was a time-dependent cumulative transfer of total radioactivity and of radioactivity corresponding 
chromatographicaily to srostagiandin E, across amnion and full-thickness membranes. The rate of transfer 
across the amnion was faster than across full-thickness membranes and varied according to the site of 
tissue sampling within the uterus. The permeability constant for prostaglandin E, transfer across full- 
thickness membranes was significantly higher in tissue collected after the spontaneous onset of labor than 
in tissue collected at elective cesarean section at term. We conclude that prostaglandin E, produced in 
human amnion at term may escape metabolism in the chorion and reach the decidua and/or myometrium. 


(Am J OBSTET GYNECOL 1986;155:1337-41.) 


Key words: Prostaglandin E,, fetal membranes, spontaneous labor 


Several groups of investigators have provided com- 
pelling evidence that an increase in the production of 
prostaglandin E, by amniotic tissue provides an im- 
portant contribution to the onset of labor in women.'* 
Further it has been proposed that prostaglandin E,, 
produced in amnion, can cross the chorion to reach the 
decidua.’ In decidua, prostaglandin E may be con- 
verted to prostaglandin Fə, through 9-ketoreductase 
activity,’ or may provide a stimulus to further arachi- 
donate metabolism. Prostaglandin E, or F,, from de- 
cidua may then reach the myometrium to effect, in a 
paracrine fashion, the pattern of contractile activity 
that eventuates in birth.' An objection to this hypoth- 
esis, however, is that the human chorion contains high 
15-prostaglandin dehydrogenase and A’*'" reductase 
activities and shows a high rate of prostaglandin 
metabolism and production of prostaglandin metab- 
olites in vitro.* The ability of prostaglandin E, from 
amnion to escape this metabolic potential of chorion 
remains to be established. . 

The purpose of the present study was to determine 
in vitro whether prostaglandin E, can cross full-thick- 
ness or separated human fetal membranes. We also 
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examined whether there were regional differences in 
this capacity with the use of tissues collected from sev- 
eral locations within the uterus and whether the rate 
of prostaglandin E, transfer was influenced by the oc- 
currence of active labor. 


Material and methods 


Placentas and the attached fetal membranes were col- 
lected from patients at elective cesarean section at term 
or after spontaneous onset of labor. The number of 
tissue samples collected for each patient group is in- 
dicated for the different experiments in the Results 
section. 

Amnion, separated from underlying chorion-de- 
cidua,? or full-thickness membranes were gently 
stretched over one end of a perspex cylinder (diameter 
4 cm) and held in place with a Teflon band.” The mem- 
branes were placed in a beaker containing 20 ml of 
incubation medium; 10 ml of the same medium was 
added to the inside of the chamter. The fluid levels 
inside and outside the chamber were equal at all times, 
so that no hydrostatic pressure was exerted across the 
membrane. In preliminary experiments it was estab- 
lished, with light microscopy, that the integrity of the 
membrane was maintained in Krebs buffer, pH 7.4, 
normal saline solution, or in pseudo—amniotic fluid.” 
Subsequent experiments were all performed in Krebs 
buffer, pH 7.4. 

The purity of PH]prostaglandin E’ (specific activ- 
ity 160 Ci/mmol, New England Nuclear, Boston, 
Massachusetts) and of [*H]arachidonic acid (specific 
activity 100 Ci/mmol) was checked by thin-layer chro- 
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Fig. 1. The mner: outer incubation chamber ratio of total 
radioactivity across the amnion (9, nine experiments) and am- 
nion plus chorion plus decidua (full-thickness membranes, O, 
four experiments) for up to 210 minutes after [H]prosta- 
glandin E, was added to the outer chamber at time 0. Values 
are mean + SEM for the number of experiments. 


matography in the system chloroform : methanol: acetic 
acid; 95:5:5 (v/v). In experiments to examine pros- 
taglandin transfer across the membranes, [*H]prosta- 
glandin E, (~100,000 dpm/ml) was added to the out- 
side medium. During incubation at 37° C for up to 6 
hours in a gently shaking water bath, samples (100 pl) 
of medium were collected from the inner and outer 
chambers for determination of total radioactivity and 
of radioactivity isolated as prostaglandin E, by thin- 
layer chromatography as above. Nonradioactive pros- 
taglandin E, (20 wg) was chromatographed in the same 
lanes as the individual samples on the thin-layer chro- 
matography and was located by immersing the plate in 
an atmosphere of iodine vapor. Purined [('C]pros- 
taglandin E, (~1000 dpm) was added to each sample 
before extraction and chromatography in order to de- 
termine methodologic losses. The bands corresponding 
to prostaglandin E, were eluted and counted with the 
use of a double-isotope program, and-the [PH]radio- 
activity was corrected for losses calculated from the 
radioactivity recovered in the [C]prostaglandin Ey. 

Preliminary studies established that the rate of 
(*H prostaglandin E, transfer was not influenced by pH 
within the pH range 6.3 to 8.4. Oxygenation of the 
medium did not affect the rate of PH ]prostaglandin E} 
transfer. On the completion of each experiment, Coo- 
massie blue bye was added to the inner chamber. Any 
study in which there was leakage of the dye to the outer 
chamber was discarded. We found that when the me- 
chanical integrity of the fetal membrane was broken by 
five pinpricks, the concentration of total radioactivity 
equilibrated across the membrane within 5 to 10 min- 
utes (ratio of counts per minute per 100 wl in the inner 
chamber to counts per minute per 100 pl in the outer 
chamber = 1). 
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Fig. 2. The change with time in total radioactivity (@) and 
radioactivity isolated by thin-layer chromatogra>hy as p~os- 
taglandin E; (©) in the outer and inner incubation chambers 
across full-thickness membranes obtained at elective cesar2an 
section. *H]prostaglandin E; was added to the outer chamber 
at time ). The values shown are the means of duplicate in- 
cubations for each time point. 


In all experiments we calculated the razio of tctal 
counts per 100 pl of incubation fluid and of counts 
isolated chromatographically as prostaglandin E, in the 
inner:outer chamber. The permeability constant zor 
prostaglandin E, transfer was calculated as descrited 
previously.® S 

Duplicate studies were performed with each mem- 
brane. The results are presented as the mean + SEM 
for the number of experiments (patients) in the ve- 
spective groups. Where appropriate, comparison be- 
tween the groups was made with a two-tailed ¢ test. 


Results 


-Effects of membrane thickness on prostazlandin E, 
transfer. Amnion and full-thicknenss membranes (a:mn- 
nion plus chorion plus decidua) presented a barrier to 
the transfer of [>H]prostaglandin E,. However, there 
was a time-dependent, cumulative transfer of total ra- 
dioactivity across the amnion and across the full-thick- 
ness membranes (Fig. 1). The rate of transfer across 
the amnion was more rapid than across the full-thick- 
ness membranes (Fig. 1). Approximately 4C% to 50% 
of the radioactivity transferred across ful_-thickness 
membranes from the outer to the inner chamber was 
isolated as [>H]prostaglandin E, (Fig. 2). The total ra- 
dioactivity and the proportion of radioactivity remain- 
ing in the outer chamber as [*H]prostaglandin E, de- 
creased with time (Fig. 2), although the ratio of 
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Fig. 3. The inner : outer incubation chamber ratio of total 
radioactivity across the amnion in which the epithelial surface 
faced the inner chamber (maternal to fetal transfer) or the 
outer chamber (fetal to maternal transfer). [*H]prostaglandin 
E, (PGE,) or [’H]arachidonic acid (Arach Acid) was always 
added to the outer chamber at time 0. Values are mean + SEM 
for five experiments. 


(H]prostaglandin E, per 100 wl of inner fluid to 
("H] prostaglandin E, per 100 yl of outer fluid was gen- 
erally lower than that of the total levels of radioactivity. 

We examined whether the transfer of radioactivity 
was similar, in both directions, across the membranes. 
We found that the transfer of total radioactivity from 
(°H] prostaglandin E, and of [*H]arachidonic acid across 
the amnion occurred in both the fetal-to-maternal (am- 
niotic epithelial surface facing out) direction and the 
maternal-to-fetal direction. The rates of transfer were 
similar in both directions (Fig. 3). The amount and rate 
of [H]prostaglandin E, transfer were greater than 
those of total radioactivity from arachidonic acid. Ra- 
diochemical identity was not examined during the ar- 
achidonic acid experiments. 

Effects of location of membranes within the uterus. 
In two experiments the rates of transfer of [*H]pros- 
taglandin E, across the amnion and across full-thickness 
membranes were compared for four different sites 
within the pregnant uterus. These sites were: (1) the 
surface of the placental disk (amnion only); (2) a site 2 
to 3 cm from the rim of the placental disk; (3) a site 
toward the uterocervical junction; and (4) a location 
furthest away from the placenta. For both amnion and 
full-thickness membranes the rate of transfer of total 
radioactivity from [ H]prostaglandin E, was greater at 
sites more distal from the placenta (Fig. 4). At 4 hours 
of incubation, the total radioactivity transferred and 
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Fig. 4. The inner : outer incubation chamber ratio of total 
radioactivity across full-thickness membranes (FTM) or am- 
nion during 6 or 4 hours. The values are means of duplicate 
measurements in one of two similar experiments. The num- 
bers refer to different locations of sampling sites (see text). 


the rate of transfer across the amnion exceeded those 
across the full-thickness membranes (Fig. 4). 

Effects of labor on [*H]prostaglandin E, transfer. 
The permeability constant was determined for the 
transfer of radioactivity that corresponded to prosta- 
glandin E, for full-thickness membranes collected from 
patients at elective cesarean section and at spontaneous 
labor. At 2, 4, and 6 hours of incubation there was no 
significant difference in the permeability constant 
within each group of patients. At each time, however, 
the permeability constant was significantly higher for 
prostaglandin E, transfer across full-thickness mem- 
branes collected at spontaneous labor than for full- 
thickness membranes collected at elective cesarean sec- 
tion (Table I). 


Comment 


The capability of prostaglandin E, to be transferred 
from amnion to decidua or myometrium is an im- 
portant step in current models of human parturi- 
tion.'* This capability has been questioned, however, 
because of the high prostaglandin-metabolizing activity 
of the chorion, interposed between the amnion and 
decidua.” ° We found that, although there was some 
barrier to prostaglandin transfer, prostaglandin E, 
could pass across amnion, chorion, and decidua (full- 
thickness membranes), and the potential of chorion to 
metabolize prostaglandin E, did not constitute a com- 
plete barrier to prostaglandin E, transfer. Thus our 
studies provide evidence in favor of a critical step in 
the current model of human parturition developed by 
Casey and MacDonald,* Okazaki et al.,° and Challis 
et al.'° The rate of transfer varied according to the 
tissue sampling site within the uterus. In addition we 
found that the permeability constant for prostaglandin 
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Table I. Permeability constants for H]prostaglandin E, transfer across full-thickness membranes 
obtained at elective cesarean section or spontaneous labor at term 


Permeability constant (l/min, mean + SEM) 


Cesarean section (n = 3) 12.00 + 1.15 


Spontaneous labor (n = 7) 19.43 


It i+ 


*p < 0.05 versus cesarean section group. 
Tp < 0.01 versus cesarean section group. 


E; transfer across full-thickness membranes was higher 
in tissue taken after spontaneous labor than in that 
taken at elective cesarean section at term. 

It is possible that our in vitro observations, in which 
prostaglandin E, was introduced outside the amniotic 
tissue, do not reflect the in vivo situation. However, our 
results clearly demonstrate the potential for prosta- 
glandin E, transfer to occur and are in accord with the 
uterotonic action of prostaglandin E, after intra-am- 
niotic administration." We do not know whether other 
local endocrine factors or a prostaglandin biosynthetic 
gradient across the full-thickness membranes influ- 
ences the rate of prostaglandin E, transfer. Histologic 
examination of the tissue at the end of our studies 
suggests that the minimal stretching and in vitro in- 
cubation time had not adversely influenced tissue in- 
tegrity. The progressive, essentially linear transfer of 
prostaglandin E, during the incubation period up to 6 
hours would argue against rapid deterioration of the 
tissue. 

A variety of substances can be transferred across hu- 
man amnion and chorion. These include urea and cre- 
atinine, with permeability constants across the amnion 
of the same order as that we found for prostaglandin 
E, transfer across full-thickness membranes at cesarean 
section.” Lecithin and sphingomyelin were not trans- 
ferred across living (nondenatured) fetal membranes.” 
In the sheep, Lingwood and Wintour’ showed that the 
transfer of urea across amnion-choricn decreased with 
gestational age. It was suggested that this change was 
a function of maturation, presumably in the number 
of tight junctions, with time. Further changes in per- 
meability at the time of labor were not sought. 

Our experiments do not delineate whether prosta- 
glandin E, transfer is through intercellular channels 
occurring simply by diffusion, or whether facilitated or 
active transfer" “ occurs. Passage through the amniotic 
epithelium could occur through the intercellular chan- 
nels.'° The finding that total radioactivity from pros- 
taglandin E, passed in either direction (fetal to maternal 
and maternal to fetal) across the amnion would suggest 
that most transfer is by diffusion. Differences in the 
rates and amount of prostaglandin transfer among dif- 


2.76% 


ferent sampling sites in the uterus could reflect differ- 
ences in the local endocrine environmeni or in the 
thickness of the fetal membranes. Differences in the 
thickness of the amnion are generally attributable to 
differences in the spongy or fibroblast layer.’ It is pos- 
sible that such changes also could contribute to the 
Increase in prostaglandin E, transfer across full-thick- 
ness membranes collected after spontaneous onset of 
labor. 

In the human fetal membranes, amnion is the major 
site of increasing prostaglandin E, production at the 
time of labor.' In amniotic fluid, however, the concen- 
trations of both prostaglandin E, and F,, increase in 
parallel with cervical dilatation.’ We found that radio- 
active prostaglandin E, passed in both directions across 
the amnion. If prostaglandin F,, behaves similarly to 
prostaglandin Es, then decidual prostaglandin F,, could 
be transferred into the amniotic fluid, accounting for 
the concentration changes in both prostaglandins, even 
though little prostaglandin F,, is produced >y amnion. 
Our findings are consistent with the hypothesis that in 
women labor is initiated through a signal that may re- 
sult in enhanced prostaglandin E, production in am- 
nion. This prostaglandin E, is transferred subsequently 
to the decidua and/or myometrium where it contributes 
to the stimulus that produces uterine contractility. 


We thank Dr. James Brien and Mrs. Nan Cumming 
for their help in the preparation of this manuscript. 
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Renal effects of ovine fetal arginine vasopressin secretion in 


response to maternal hyperosmolality 


M. Gore Ervin, Ph.D., Michael G. Ross, M.D., Atef Youssef, M.D., 


Rosemary D. Leake, M.D., and Delbert A. Fisher, M.D. 


Torrance, California 


Acute increases in maternal plasma osmolality can increase amniotic fluid osmolality. Amniotic fluid is 
primarily derived from fetal urine production, and arginine vasopressin infusion can affect both fetal urine 
production and amniotic fluid osmolality. To assess the effect of short-term changes in maternal osmolality 
on fetal arginine vasopressin secretion and renal function, six ewes of 126 + 1 days’ gestation received 
intravenous infusions of 20% mannitol (500 mi/10 min). In response to mannitol infusion, both maternal 
and feta plasma osmolality increased signijicantly (302 + 3 to 326 + 2 and 300 + 1 to 309 + 2 mosm, 
respectively). Increasec fetal plasma and urine arginine vasopressin concentrations were associated with 
significant increases in fetal urine osmolality (146 +-12 to 262 + 30 mosm) and sodium concentration 
(35.8 + 2.8 to 76.5 + 20 wEq/ml), but fetal urine production rates did not change (0.68 + 0.11 to 

0.62 + 0.15 ml/min). These conclusions were reached: (1) Acute increases in maternal osmolality can 
affect fetal arginine vasopressin secretion; (2) arginine vasopressin—induced increases in fetal urine 
osmolality. may contribute to increased amniotic fluid osmolality in response to maternal hyperosmolality. 


(Am J Oastet GYNECOL 1986;155:1341-7.) 


Key words: Arginine vasopressin; antidiuretic hormone; vasopressin, fetal 


The fetus represents the primary determinant of am- 
niotic Huid volume and osmolality. Fetal production of 
hypotonic urine! and isotonic lung fluid? represents the 
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major source of amniotic fluid, while fetal swallowing 
represents the primary means for amniotic fluid re- 
sorption.” Changes in maternal plasma osmolality can 
affect both fetal plasma and amniotic fluid osmolali- 
ties.*° Increased fetal plasma osmolality in response to 
maternal hyperosmolality is due to bulk water flow 
across the placenta.’ Increased amniotic fluid osmolality 
in response to maternal hyperosmolality presumably 
results from altered fetal lung fluid and urine produc- 
tion and also may include direct transchorionic water 
flow.* . l 

Increases in fetal plasma arginine vasopressin levels 
can alter both fetal lung fluid production’ and renal 
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Table I. Maternal arterial blood values 
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Teme (min) 


pH i 7.45 + 0.04 7.42 + 0.04 7.45 + 0.03 7.45 + 0.03 
PO, (torr) 87.8 + 5.1 89.5 + 5.0 92.8 + 10.2 91.5 = 11.0 
PCO, (torr) 36.8 + 3.1 88.0 + 3.0 36.6 + 3.7 36.0 + 3.5 
Heart rate (bpm) 101 + 13 116 +9 102 +10 100 + 9 





function,’ and chronically elevated plasma arginine va- 
sopressin levels result in increased amniotic fluid os- 
molality. Osmoreceptor regulation of arginine vaso- 
pressin secretion 1s functional in the third-trimester fe- 
tus, with changes in fetal plasma osmolality yielding 
appropriate increases in fetal arginine vasopressin se- 
cretion.’ The present experiments were designed to 
quantify both fetal arginine vasopressin secretion in 
response to short-term changes in maternal plasma os- 
molality and the fetal renal response to stimulated fetal 
arginine vasopressin secretion. The results indicate that 
the ovine fetus in late gestation is competent to respond 
to alterations in maternal osmolality by increased ar- 
ginine vasopressin secretion and that arginine vaso- 
pressin secreted by the fetus can affect fetal renal func- 
tion and perhaps amniotic fluid osmolality. ` 


Methods 


Six mixed-breed ovine ewes with singleton fetuses 
were obtained from a local supplier and housed indoors 
in steel metabolism cages. The light periodicity of the 
housing facility was controlled (12 hours light, 12 hours 
darkness) and animals received alfalfa pellets and water 
as desired. Animals were allowed at least 48 hours to 
recover from the stress of transportation and to adjust 
to the new environment before operation. After an 
overnight fast, anesthesia for operation was induced by 
an intramuscular injection of ketamine hydrochloride 
(20 mg/kg) and atropine sulfate (30 pg/kg). Anesthesia 
was subsequently maintained with continuous intra- 
venous infusion of ketamine (15 mg/hr-kg~'). Xylo- 
caine (1%) was applied locally before all incisions were 
made and repeatedly thereafter until wound ‘closure. 
The uterus was exposed by a midline abdominal inci- 
sion and a small hysterotomy was performed to provide 
access to a single fetal hind limb. Polyethylene catheters 
(inside diameter 1.0 mm, outside diameter 1.8 mm) 
were placed in the fetal dorsal hind limb vein and artery 
and threaded to the inferior vena cava and abdominal 
aorta, respectively. Before hysterotomy closure a plastic 
catheter (Corometrics Medical Systems, Wallingford, 
Connecticut) was sutured to the distal tip of the fetal 
hind limb to provide a route for administration of’an- 
tibiotics after operation. The hind limb was returned 
into the uterus and the hysterotomy was closed in two 
layers. 


A second hysterotomy was performed to provide ac- 
cess to the fetal abdomen. The fetal abdomen was in- 
cised longitudinally (4 cm) and the fetal skin was mar- 
supialized to the uterus with clamps. After exposure of 
the fetal bladder, 1.5 cm of a tygon catheter (inside 
diameter 1.3 mm, outside diameter 2.3 mm) with mul- 
tiple perts was secured in the lining of the bladder by 
a purse-string suture. The fetal peritoneum, fascia, znd 
skin were closed as separate layers around the bladder 
catheter. Uterus, maternal fascia, and skin were closed 
in separate layers with sutures. 

After closure of the maternal abdomen, femoral ar- 
terial and venous catheters were placed in the ewe. All 
catheters were exteriorized to the maternal flank and 
placed in a cloth pouch sewn to the ewe’s flank. The 
fetal vascular catheters were maintained patent with 
sodium heparin (1000 U/ml), and the maternal vascular 
catheters had patency maintained with heparinized sa- 
line solution (10 U/ml). On completion of operation 
and twice daily for the succeeding 5 days, fetuses re- 
ceived ari intravenous infusion of 100 mg of methicillin. 
Methicillin (400 mg) and chloramphenicol, (500 mg) 
also were administered to the ewe and instilled into the 
amniotic cavity. 

Experimental protocol. The mean + SEM gesta- 
tional age at the time of study was 126 + I day. Fetal 
lambs were studied with the unanesthetized ewes stand- 
ing in the same individual cages in which they were 
maintained. On the day of study, fetal arterial pH val- 
ues were assessed and studies initiated only if the fetal 
pH exceeded 7.30. Subsequently the fetal bladder cazh- 
eter was opened and allowed to drain by gravity flow. 
After 1) to 15 minutes of urine drainage, fetal urine 
osmolality was assessed and experiments continued 
only in those animals producing hypotonic urine (<170 
mosm). Within 15 minutes of initiation of bladcer 
drainage a continuous intravenous infusion of salme 
solution, 0.07 mol/L, containing tritiated inulin (15 
uCi/hr, specific activity, 100 mCi/gm, ICN Radiochem- 
icals, Irvine, California) was initiated at a rate of 0.05 
ml/min -kg~'. After equilibration for 1 hour, fetal urine 
was subsequently collected in' 15-minute mcrements 
by use of a fraction collector for the duration of the 
study. 

Maternal hypermolality was induced by edministza- 
tion of mannitol directly to the ewe. Since mannitol 
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Fig. 1. Maternal (A) and fetal (B) hematocrit values before 
and after an intravenous infusion of a hypertonic mannitol 
solution to six pregnant ewes (20% mannitol, 500 mi/10 min). 
The mannitol infusion period is indicatéd by a solid bar at the 
top of the figure. Each point represents the mean + SEM. 
Values that differ significantly from the baseline values are 
indicated by an asterisk (p < 0.05). 


does not readily cross the ovine placenta," fetal plasma 
osmolality increases as the result of bulk water transfer 
from the fetal to the maternal circulation.* After a 30- 
minute control period (time 0), each ewe received an 
intravenous infusion of 500 ml of 20% mannitol deliv- 
ered at a rate of 50 ml/min, Fetal and maternal arterial 
blood samples (3.5 ml) were obtained before the man- 
nitol infusion (— 15 and 0 minutes) as well as 15, 30, 
45, 60, 75, and 90 minutes after initiation of the man- 
nitol infusion. Blood samples were collected into chilled 
tubes containing 10 pl of 15% potassium—ethylenedi- 
aminetetraacetic acid per milliliter of blood and he- 
matocrit values were determined in duplicate. All blood 
samples were centrifuged immediately; osmolality and 
inulin concentraticns were determined on plasma ali- 
quots. The remaining plasma was stored frozen until 
arginine vasopressin concentrations were assessed by 
radioimmunoassay. Additionally, 0.5 ml of blood was 
collected into heparinized tuberculin syringes for im- 
mediate measurement of pH, Po, and Pco,. The total 
volume of fetal blood withdrawn at each sampling (4.0 
ml) was replaced with an equivalent volume of hepa- 
rinized maternal blood withdrawn before the study. 
Fetal arterial blood pressure was monitored continu- 
ously with a Beckman R-612 physiologic recorder 
(Beckman, Palo Alto, California) and a Statham P-23 
transducer (Gould Inc., Oxnard, California); fetal vas- 
cular pressure was not corrected for amniotic fluid 
pressure. Fetal heart rate was computed from the ar- 
terial pulse. At the end of each urine collection period 
(15 minutes), urine volume was measured and aliquots 
were assessed for osmolality and electrolyte (sodium 
and potassium) concentrations; the remaining urine 
was stored frozen at —20° C until assayed for arginine 
vasopressin. | . 
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Fig. 2. Maternal (A) and fetal (B) plasma osmolality (Pos) 
values before and after an intravenous hypertonic mannitol 
infusion (20% mannitol, 500 ml/10 min) to the ewe, indicated 
by a solid horizontal bar at the top of the figure. Mean + SEM 
values that are significantly different from the baseline values 
are indicated by asterisks. l 


Plasma and urine arginine vasopressin determina- 
tions were performed by radioimmunoassay as de- 
scribed previously from our laboratory.® Plasma and 
urine osmolality determinations were performed by 
freezing point depression (Model 3MO, Advanced 
Instruments Inc., Needham Heights, Massachusetts) 
and urine sodium and potassium concentrations were 
determined by flame photometry (Model 143, In- 
strumentation Laboratory, Watertown, Massachusetts). 
Blood pH; Po, and Pco, values were determined at 
39° C with a Radiometer PH33MK2-PHM72 acid-base 
analyzer system (Radiometer Co., Copenhagen, Den- 
mark). Inulin concentrations were assessed by counting 
100 yl plasma and urine aliquots diluted in 10 ml of 
Hydrofluor (National Diagnostics, Somerville, New Jer- 
sey) in a Beckman LS-335 liquid scintillation counter. 

Calculations and statistics. Urinary arginine vaso- 
pressin excretion (U,ypV) was expressed as the product 
of the urine arginine vasopressin concentration (U yp) 
in picograms per milliliter and the urine volume (V) in 
milliliters per minute: 


Uwr V = Ua X V 
Renal osmolar clearance (C,,,,) was calculated as: 
Can (ml/min) = (Unn VY Pon 


where U,,,,V = urinary osmolar excretion and Poem = 
the plasma osmolality. 


Renal free water clearance (“H.9) was calculated as 
the difference between the urine volume (V.a in mil- 
liliters per minute) and the renal osmolar clearance: 


“H,O = (Vo 7 Cam) 


Glomerular filtration rate was estimated from the 
renal inulin clearance or: | 
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Fig. 3. Maternal (A) and fetal (B) plasma arginine vasopressin 
levels (Pyp) both before and after an intravenous infusion of 
hypertonic mannitol (20% mannitol, 500 ml/10 min) to the 
ewe (indicated by the solid horizontal bar). Mean + SEM Pyp 
values that are significantly different from the respective base- 
line values are indicated by asterisks. 
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Fig. 4. Fetal urine osmolality (Uosy, A), free water clear- 
ance (Cho; B), and urinary arginine vasopressin excretion 
(UavP V, C) in response to an intravenous infusion of 20% 
mannitol (500 ml/10 min) to the ewe. The mannitol infusion 
period is indicated by a solid horizontal bar. Mean + SEM values 
that are significantly different from the basal values are in- 
dicated by asterisks. : 


Gw = (V x Uin)/Pin 


where V = urine volume in milliliters per minute and 
Un = urine inulin concentration and Py = plasma in- 
ulin concentration. 

All values are expressed as the mean + SEM. Dif- 
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Fig. 5, Mean + SEM fetal urine sodium (U,,) and potassium 
(Ux) concentrations in response to an intravenous inusion of 
20% mannitol (500 ml/10 min) administered to the ewe (in- 
dicated by the solid horizontal bar). Values that differed signif- 
icantly from the baseline values are indicated by asterisks. 


ferences over time were assessed by one-way analysis 
of variance for repeated measures. Whenever a signif- 
icant F test of p < 0.05 was observed, comparisons of 
the control means to each of the other group means 
were performed by Dunnett's test (p < 0.05). Maternal 
and fetal responses were compared by two-way analysts 
of variance. 


Results 


Maternal arterial blood values. Mean basal values 
for maternal arterial pH, Po», Pco,, and heart rate did 
not change significantly in response to mann:tol infu- 
sion (Table I). Maternal hematocrit significantly de- 
creased from 29% + 2% to 23% + 3% 15 minutes af- 
ter initiation of mannitol infusion to the ewe and he- 
matocrit slowly returned to the basal level by the end 
of the study (Fig. 1, panel A). Maternal plasma os- 
molality did not change during the 30-minute control 
period but was significantly increased within 15 minutes 
of mannitol infusion (302 + 3 to 326 + 2 mosm) and 
remained elevated for the remainder of the otservation 
period (Fig. 2, panel A). The maternal arginine vaso- 
pressin secretory response to mannitol-induced hyper- 
osmolality paralleled the plasma osmolality response, 
as shown in Fig. 3, panel A. 

Fetal arterial blood values. Fetal plasma osmolality 
significantly increased within 15 minutes of initiation 
of maternal mannitol infusion and remained elevated 
for the duration of the study (Fig. 2, panel B}. Similarly, 
the fetal plasma arginine vasopressin concen:ration in- 
creased significantly within 15 minutes of initiation of 
the mannitol infusion and remained elevated for the 
duration of the study (Fig. 3, panel B). 

Fetal arterial pH and Po, values decreased slightly 
and Pcc, increased slightly 15 minutes after initiation 
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Table II. Fetal arterial blood and urine values 
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Time (min) 


o) [sts [es fe ls] 


pH 7.37 + 0.01 7.37 + 0.01 7.34 + 0.02 7.35 + 0.02 7.36 + 0.02 7.36 + 0.02 7.37 + 0.02 7.39 + 0.02 


Blood 


PO, (torr) 

Pco, (torr) 

Heart rate. 

(bpm) 

Blood pressure 

(torr) 

Systolic 58 + 3 59 + 3 62 

Diastolic 41 +2 43 +3 43 
Urine 


169 + 11 182 + 14 176 + 19 


(ml/min) 

Glomerular fil- 2.7 + 0.7 
tration rate 
(ml/min) 

Arginine 
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(mosmol/ 
min) 
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clearance 
(ml/min) 
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of the maternal mannitol infusions; however, the 
changes were not statistically significant (Table I). Fetal 
hematocrit (Fig. 1), systolic blood pressure, diastolic 
blood pressure, and heart rate also remained un- 
changed in response to maternal mannitol infusion 
(Table IT). 

Fetal urine values. Fetal urine production rates were 
stable before initiation of the maternal mannitol infu- 
sion and did not change thereafter (Table II). Before 
maternal mannitol infusion, mean basal urinary os- 
molality was 146 + 12 mosm/kg H.O. Subsequently, 
Usm significantly increased to 262 + 30 mosm/kg 
H.O within 45 minutes of mannitol infusion and re- 
mained elevated for the duration of the study (Fig. 4, 
panel A). Although urinary osmolar excretion and os- 
molar clearance appeared to increase, the changes 
noted were not statistically significant (Table II). How- 
ever, by 60 minutes after initiation of the mannitol in- 
fusion, renal free water clearance had significantly de- 
creased and remained depressed for the duration of 
the study (Fig. 4, panel B). Fetal urine arginine vaso- 
pressin concentration and urinary arginine vasopressin 
excretion both significantly increased in response to ma- 
ternal mannitol infusion (Table II and Fig. 4, respec- 
tively). The fetal urine sodium concentration increased 


3.6 + 0.4 


179 + 5] 


6.8 +23 120 +34 20.9 + 8.5 
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significantly within 45 minutes of initiation of maternal 
mannitol infusion (Fig. 5); although mean urinary so- 
dium excretion also appeared to increase by more than 
70%, the changes were not statistically significant (Ta- 
ble II). Urinary potassium concentration and potassium 
excretion did not change (Fig. 5, Table I). 


Comment 


In the present experiments, we observed significant 
increases in both maternal and fetal plasma osmolalities 
in response to an intravenous infusion of hypertonic 
mannitol solution (500 mi) to the ewe (Fig. 2). Since 
the ovine placenta is relatively impermeable to man- 
nitol,’° increased fetal plasma osmolality in response to 
maternal mannitol infusion is not accountable on the 
basis of mannitol diffusion across the placenta. Instead, 
increased fetal plasma osmolality in response to ma- 
ternal mannitol administration occurs secondary to 
bulk transfer of water from the fetal to the maternal 
circulation.® As a result, elevations in fetal plasma os- 
molality in response to mannitol infusion also may be 
accompanied by a transitory decrease in fetal intravas- 
cular volume." In the present experiments, decreased 
fetal intravascular volume is suggested by the small 
but nonsignificant increase in fetal hematocrit observed 
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30 minutes after initiation of the mannitol infusion 
(Fig. 1, panel B). Since both increased plasma osmo- 
lality and decreased blood volume are potent stimuli 
for arginine vasopressin secretion," maternal mannitol 
infusion represents an excellent model for studies of 
fetal arginine vasopressin secretion. 

Mannitol-induced increases in maternal and fetal 
plasma osmolalities were associated with increased ma- 
ternal and fetal plasma arginine vasopressin concen- 
trations (Fig. 3). Since fetal arterial pH and dissolved 
gasses did not change during the present studies and 
the fetal blood sampling protocol used alone has no 
effect on fetal plasma arginine vasopressin levels,’ the 
observed increase in fetal plasma arginine vasopressin 
is due to increased fetal arginine vasopressin secretion 
in response to increased fetal plasma osmolality and 
decreased volume (Fig. 1, panel B}. Although the 
change in maternal plasma osmolality was significantly 
greater than the change in fetal plasma osmolality in 
response to mannitol infusion (Fig. 2), the arginine 
vasopressin secretory responses of the ewes and fetal 
lambs were similar (Fig. 3). Since the relationship be- 
tween plasma osmolality and plasma arginine vaso- 
pressin concentrations in adult mammals is thought to 
be linear" or log-linear," this observation might suggest 
differences in the maternal and fetal osmoregulatory 
systems for arginine vasopressin secretion. However, 
the fetal arginine vasopressin secretory response has 
been reported to represent a potentiation of the os- 
moreceptor response by a decrease in fetal intravas- 
cular volume.* More importantly, perhaps, in the pres- 
ent experiments maternal hematocrit also significantly 
decreased (Fig. 1, panel A). This decrease in maternal 
hematocrit is accountable by the volume of mannitol 
infused (500 ml) and an associated extravascular to in- 
travascular fluid shift in response to the osmotic gra- 
dient. The resulting increase in maternal blood volume 
would likely raise the maternal osmotic threshold for 
arginine vasopressin secretion and could account for 
an obtundation of the arginine vasopressin secretory 
response in the adult ewe.” 

In a previous study of fetal renal responses to ma- 
ternal mannitol infusion, Lumbers and Stevens’? re- 
ported significant decreases in fetal urine production 
and increased urine sodium excretion; in their study 
fetal arginine vasopressin secretion was not assessed. 
In the present experiment fetal plasma arginine va- 
sopressin increased significantly in response to mater- 
nal mannitol infusion and the increase in fetal plasma 
arginine vasopressin was associated with significant al- 
terations in fetal renal function. Although urine so- 
dium excretion increased by more than 70%, fetal urine 
production did not change. The basis for this differ- 
ence in urine excretion in the present study and that 
of Lumbers and Stevens is unclear. In both studies 
direct fetal bladder catheterization was used. Moreover, 
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basal rates of urine production and glomerular filtra- 
tion rate were similar in both studies, and in both stud- 
ies fetal glomerular filtration rate remained un- 
changed. Although intravenous administraticn of man- 
nitol was used in both studies, the actual load of 
mannitol (180 gm) in the study of Lumbers and 
Stevens'* was much larger than that in the present study 
(100 gm). This relatively larger osmotic load resulted 
in a 32 mosm/kg H:O change in fetal plasma osmolality 
in the study of Lumbers and Stevens," whereas in the 
present study fetal plasma osmolality changed by 
only 9 mosm/kg H,O. Feta] arginine vasopressin secre- 
tion was stimulated in the present study and steady- 
state plasma arginine vasopressin levels similar to 
those achieved in the present study are sufficient to 
evoke significant antidiuresis (unpublished observa- 
tions). The basis for the failure of the increased plasma 
arginine vasopressin observed to evoke a significant de- 
crease in urine excretion during the 15-minute urine 
collection periods is unclear. 

Increased urine osmolality in the absence of an ar- 
ginine vasopressin—induced antidiuretic effect has been 
reported previously in fetal lambs.* Y Although the pri- 
mary effect of arginine vasopressin is to alter tubular 
water reabsorption in the collecting duct, arginine va- 
sopressin also may affect ascending limb solute reab- 
sorption. A combination of these effects mzy account 
for the present observations, that is, concomitant effects 
of increased free water reabsorption balanced by de- 
creased solute reabsorption, yielding a mild osmotic 
diuresis. The observed increase in urine osmolality in 
association with decreased free water clearance in re- 
sponse to maternal mannitol infusion is cons:stent with 
this hypothesis (Fig. 4). Although the fetal urine re- 
sponse to arginine vasopressin appears to be variable, 
the predominant common effect appears to be to in- 
crease urine osmolality.* "7 

In conclusion, the present results are cons:stent with 
our previous hypothesis that the amniotic fluid rep- 
resents an extension of the fetal fluid compartments. 
We previously showed that chronic elevaticn of fetal 
plasma arginine vasopressin levels is associated with 
increased amniotic fluid osmolality.” Moreaver, if ar- 
ginine vasopressin levels are allowed to return to nor- 
mal, amniotic fluid osmclality decreases. Although fetal 
urine volume did not change in the present experi- 
ments, urine osmolality and osmolar excretion in- 
creased, indicating that alterations in maternal osmolar 
homeostasis are reflected in fetal arginine vasopressin 
secretion and may eventuate in alterations in amniotic 
fluid osmolality and perhaps volume. 


We would like to thank Ms. Glenda Calvario, Ms. 
Sandy Miller, Mr. Jim Humme, and Dr. Valerie J. Rap- 
paport for their help and assistance in the completion 
of these studies. 
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Prostaglandin E, 9-ketoreductase activity in human decidua 


vera tissue 


Stefan Niesert, M.D.,* Wayne Christopherson, M.D., Klaus Korte, M.D., 
Murray D. Mitchell, D.Phil., Paul C. MacDonald, M.D., and M. Linette Casey, Ph.D. 


Dallas, Texas 


Amnion is believed to be a tissue of central importance in the biochemical prccesses of parturition, In this 
tissue, prostaglandin E; is the near exclusive prostaglandin produced. And although the production of 
prostaglandin E; is increased during labor in women, the levels of the major metabolite of prostaglandin E, 
in maternal plasma are not elevated; rather, the levels of 13,14-dihydro-15-ke:oprostaglandin F,,, the major 
circulating metabolite of prostaglandin Fz. are increased strikingly. Because of this apparent paradox, we 
considered the possibility that prostaglandin E}, originating in amnion, chorion laeve, or decidua vera, is 
converted to prostaglandin Fa, in decidua vera by the action of prostaglandin E,-9-ketoreductase. We 
found that prostaglandin E, 9-ketoreductase, the enzyme that catalyzes the conversion of prostaglandin E, 
to Fan is present in cytosolic fractions prepared from homogenates of uterine decidua vera tissue. The 
specific activity of 9-ketoreductase in cytosolic fractions of decidua of six worren varied from 3.2 to 155 
pmol x mint x mg”! protein. We also evaluated the conversion of exogenous prostaglandin E, to F,, in 
intact human endometrial stromal cells in monolayer culture. We found that prostaglandin E,, added to the 
culture medium, was converted to prostaglandin Fa by endometrial stromal cells that were maintained in 
the presence of inhibitors of prostaglandin synthase. The extent of conversion of exogenous prostaglandin 
E; to F,,, however, was low relative to the specific activity of prostaglandin E; 9-ketoreductase found in 
decidual cytosol. These findings are consistent with the possibility that prostaglandin E, formed in decidua 
vera tissue may be converted in that tissue to prostaglandin F,, by 9-ketoreductase; on the other hand, 
prostaglandin E, formed in contiguous tissues probably is not converted significantly to prostaglandin Fa, 
by decidual 9-ketoreductase. (Am J OBSTET GYNECOL 1986;155:1348-52.) 


Key words: Prostaglandins Es, Fo» and E,-9-ketoreductase, uterine decidua vera 


Of central importance for our understanding of the 


physiologic and pathophysiologic roles of prostaglan- 
dins is knowledge of the biochemical mechanisms that 
serve to regulate the metabolism of these compounds. 
There is considerable evidence in favor of the propo- 
sition that prostaglandin (PG) E, produced in amnion 
is of signal importance in the initiation and mainte- 
nance of labor in women.' From this proposition, how- 
ever, a paradox is posed; it is known that it is the levels 
of PGF,,, or metabolites thereof, that are increased 
strikingly during labor,’* whereas PGE, and metabo- 
lites of PGE, in maternal plasma are increased’ only 
slightly.» ° To compound this apparent paradox, am- 
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nion is believed to be a major source of prcstaglandin 
produced during labor, but PGE, and not PGF., is syn- 
thesized in this tissue. In addition, PGE, is not metab- 
olized in amnion; indeed, 15-hydroxyprostaglandin de- 
hydrogenase is not present in this tissue.’ Moreover, 
PGE, also is synthesized in chorion laeve, a tissue con- 
tiguous with decidua vera, and tn decidua vera. Thus 
the paradox: PGE, is believed to be produced in large 
quantities in amnion, chorion laeve, and decidua vera 
in vitro, but a metabolite of PGF», is the prcstaglandin 
that is present in increased concentrations ir plasma of 
women during labor. 

To address the nature and solution of this apparent 
paradox, we considered the possibility that >GE, (pro- 
duced in amnion, chorion laeve, or uterine decidua 
vera) is converted in decidua vera to PGF ir. a reaction 
catalyzed by PGE, 9-ketoreductase. To this end we eval- 
uated the specific activity of this enzyme in cytosolic 
preparations of homogenates of decidua vera; in ad- 
dition, we evaluated the extent of formation of PGF,, 
from PGE, that was added to the medium of endo- 
metrial stromal cells maintained in monolayer culture. 
We considered the latter experiments to be important 
in an evaluation of the hypothesis that PGE,, arising in 
contiguous tissues, may be converted in decidua to 
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PGF,,. We used endometrial stromal cells because de- 
cidua of pregnancy arises principally from these cells 
and because we found previously that the metabolism 
of arachidonic acid as well as PG formation in these 


cells is similar to thet in decidua. 


Material and methods 


Cytosolic fractions of uterine decidua vera tissue. 
Human fetal membranes were obtained from placentas 
after spontaneous vaginal delivery or elective cesarean 
section at term. Decidua vera tissue was removed from 
the chorion laeve by sharp dissection and thence rinsed 
in an ice-cold solution of sodium (0.15 mol/L) to remove 
clotted blood. Thereafter, the decidual tissue was 
minced and homogenized in a tissue grinder in ice-cold 
potassium phosphate (50 mmol/L, pH 7.4) buffer that 
contained magnesium chloride (3 mmol/L) and di- 
thiothreitol (0.2 mmol/L). The homogenate was cen- 
trifuged at 105,000 x g at 4° C for 60 minutes. The 
cytosolic (supernatant) fraction, in various amounts, 
was incubated at 37° C with carbon 14—labeled PGE,, 
in various concentrations, with a nicotinamide adenine 
dinucleotide phosphate (NADPH)~generating system 
(0.63 mg of NADPH, 1.4 mg of glucose-6-phosphate, 
0.06 U of glucose-6-phosphate dehydrogenase) in a to- 
tal volume of 0.5 ml. After various incubation times the 
reactions were terminated by acidification to pH 4.0 


. with citric acid (IN), and the tubes were placed on ice. 


Authentic prostaglandin standards (PGE, 15-keto- 
PGE, 13,14-dihydro-15-keto-PGE,, PGF,,, 15-keto- 
PGF,,, and 13,14-dihydro-15-keto-PGF,,; 50 pg of 
each) were added, and the prostaglandins were ex- 
tracted into ethyl acetate. The organic phase was evap- 
orated under a stream of nitrogen, and the residue was 
dissolved in ethyl acetate. The prostaglandins were iso- 
lated by thin-layer chromatography on silica gel pread- 
sorbent plates (Analtech, Newark, Delaware) with the 
solvent system ethyl acetate/formic acid (80: 1, vol/vol). 
In this solvent system, PGE., PGF,,, 15-keto-PGF,,, and 
13,14-dihydro-15-keto-PGF,, are separated, whereas 
15-keto-PGE, and 12, 14-dihydro-15-keto-PGE, are not. 
After chromatography the prostaglandins were local- 
ized by exposure of the chromatogram to iodine vapor. 
The prostaglandins were removed from the chroma- 
tograms, and radioactivity was assayed: by liquid scin- 
tillation spectrometry. | . 
Endometrial stromal cells in monolayer culture. 
Previously we found that arachidonic acid metabolism 
and prostaglandin formation in endometrial stromal 
cells maintained in monolayer culture were similar to 
those in decidua vera tissue.” Therefore we used these 
cells in the present investigation as a model system for 
the study of decidual prostaglandin metabolism. En- 
dometrial tissue was obtained from the uterus of non- 
pregnant women immediately after hysterectomy. Con- 
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Fig. 1. Prostaglandin E; 9-ketoreductase activity in the cyto- 
solic fraction of decidua vera tissue as a function of incubation 
time. The concentration of protein in the incubation mixture 
was 3.3 mg/ml and that of PGE, was 75 pmol/L. 


sent to use these tissues was obtained in writing from 
the women before operation. The consent form and 
experimental protocol were appraved by the Human 
Experimentation Review Committee of The University 
of Texas Health Science Center at Dallas, Texas. The 
endometrial stromal cells and the glandular epithelium 
were dispersed enzymatically and separated as de- 
scribed previously.? The isolated stromal cells were 
maintained in plastic culture dishes in Waymouth en- 
riched culture medium’ that contained fetal bovine se- 
rum (10%, vol/vol) and “antibiotic-antimycotic” solu- 
tion (20%, vol/vol) at 37° C in a humidified atmosphere 
of carbon dioxide (5%) in air (92%). Confluent cells 
were incubated at 37° C for 18 hours in culture media 
that contained PGE, in various concentrations (0, 0.01, 
0.1 or 1.0 pg/ml), without or with an inhibitor of pros- 
taglandin synthase (indomethacin, 2 pmol/L, or mef- 
enamic acid, 3.8 pmol/L); thereafter the media were 
collected and stored at —20° C. PGF in the culture 
media was measured by radioimmunoassay as de- 
scribed previously.” The amount of protein was deter- 
mined by the method of Lowry et al.’° 

Materials. Nonradiolabeled prostaglandins were 
obtained from The Upjohn Co., Kalamazoo, Mich- 
igan. [l-“C]PGE, and 13,14-dihydro-15-keto- 
(5,6,8,11,12,14(n)~H]PGE, was purchased from Amer- 
sham, Arlington Heights, Illinois. Preadsorbent silica 
gel plates were obtained from Analtech, Newark, 
Delaware. Culture media, fetal calf serum, and the 
“antibiotic-antimycotic” solution were purchased from 
Gibco, Grand Island, New York. . 


Results 
PGE, 9-ketoreductase in cytosclic fractions of de- 


cidua vera tissue. We found that [“C]PGE, was con- 
verted to 15-keto-PGE,, 13,14-dihydro-15-keto-PGE,, 
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Fig. 2. Prostaglandin E, 9-ketoreductase activity in decidual 
cytosol as a function of protein concentration in the incubation 
mixture. Incubation time was 10 minutes, and the concentra- 
tion of PGE, was 75 wmol/L. 


PGF,,, 15-keto-PGF;,, and 13,14-dihydro-15-keto- 
PGF,, in incubations with cytosolic fractions of decidua 
vera tissue and an NADPH-generating system. The 
conversion of PGE, to PGF,, was computed from the 
sum of the radiolabeled PGF,,, 15-keto-PGF,,, and 
13,14-dihydro-15-keto-PGF,,, formed. We found that 
this is an appropriate and accurate approximation of 
9-keto-reductase activity since (1) we can find no reports 
of direct conversion of metabolites of PGE, to metab- 
olites of PGF,,, (2) we were unable to demonstrate 
the conversion of [°H]13,14-dihydro-15-keto-PGE, to 
[?H]13,14-dihydro-15-keto-PGF,, in incubations with 
cytosolic fractions of decidua vera tissue (data not 
shown), and (3) we found that the addition of nonra- 
diolabeled PGF» to incubations of ['*C]PGE, and de- 
cidua cytosol resulted in decreased production of ra- 
diolabeled 15-keto-PGF,, and radiolabeled 13,14-di- 
hydro-15-keto-PGF,, (data not shown). We found that 
the conversion `of PGE, to PGF» and metabolites of 
PGF., was linear with incubation times up to 15 minutes 
(Fig. 1) and with cytosolic protein concentrations in the 
incubation mixture up to 5.3 mg/ml (Fig. 2). By Line- 
weaver-Burk analysis with use of linear regression, we 
computed that the apparent K,, of PGE; 9-ketoreduc- 
tase for PGE, was 6.1 pmol/L (Fig. 3). For routine de- 
terminations of the specific activity of PGE, 9-ketore- 
ductase, aliquots of the cytosolic fraction: of decidua 
vera tissue were incubated with PGE, (100 pmol/L) and 
the NADPH-generating-system for 10 minutes. The 
specific activity of prostaglandin E, 9-ketoreductase in 
cytosolic fractions of decidua vera tissue ” = 6) ranged 
from 3 to 155 pmol x min™' x mg™' protein (Ta- 


riod of 18 hours was 12.3 + 
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Fig. 3. Lineweaver-Burk analysis of the prostaglandin E, 9- 
ketoreductase activity in cytosolic fractions of decidua vera 
tissue. The incubation time was 10 minutes, and the. protein 
concentration in the incubation mixture was 2.5 mg/ml. 


ble 1). This large variation in the specific activity of this 
enzyme was observed whether decidual tissue was ob- 
tained before or after the spontaneous onset of labor. 
Although precautions were taken to prevent proteolytic 
degradation and denaturation, we cannot exclude the 
possibility that these processes account, at ee in part, 
for this wide range of values. 

Conversion of exogenous PGE, to PGF,,, by intact 
endometrial stromal cells. Endometrial stromal cells 
in ‘monolayer culture were treated with PGE; in various 
concentrations (0° to'l ug/ml) (Fig. 4). Treatment of 
cells with PGE, in doses of'0.1 pg/ml ‘to I ng/ml did 
not cause an increase in the rate of PGF,;, production. | 
Commencing at a treatment dose of 10 ng af PGE,/ml 
culture nedium, there was’a dose-dependent increase 
in PGF,» formation by treated cells that was maintained 
with doses up to | ug/ml. | 

To distinguish between an effect of exogenous PGE, 
on stimulation of de novo PGF,, biosynthesis and the 
conversion of PGE, to PGF,,, another studv. was con- 
ducted in, which inhibitors of cyclooxygenase were 
added together with PGE, in various concentrations. 
In the absence of PGE, added exogenously, the quantity 
of PGF», produced (measured by radioimmunoassay) 
by endometrial stronial cells during an incubation pe- 
2.7 pmol x mg™ of cell 
protein (mean + SEM; n = 5). When cells were incu- 
bated for 18 hours in culture mediumi that contained 
PGE, (0.1 ug/ml or 1.0 wg/mil), the amount of PGF,, 
produced increased to 37.4 + 3.5 pmol x m27! of pro- 
tein or 34:4 + 5.3 pmol x mg” of cell protein, re- 
spectively (Table IT). In the presence of indcmethacin, 
the amounts of PGE, (data not shown) and PGF,, pro- 
duced were undetectable; in the presence of indo- 
methacin and PGE, (0.1 and 1.0 pg/ml), FGF,,. pro- 
duction increased to 22.0 + 5.4 and, 31. 7 + 4.8, re- 
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Table ` I. Seni activity of PGE, 
9-ketoreductase in cytosolic fractions of 
uterine decidua vera tissue 
















Decidual 
issue 


- Specific activity of 
PGE, 9-ketoreductase 


sample (pmol X min`’ x mg of protein)* 

l Vaginal 155 

2 Vaginalt 3.7 

3 Cesarean 2 
section} 

4 Cesarean 65 
section 

5 Cesarean 3:2 
section . 

6 Cesarean 117 
section 


*Each value is the average of the results obtained in dupli- 
cate assays.. 


}Spontaneous labor. 
+Before labor. 


spectively. Similar results were obtained in the presence 
of mefenamic acid (Table II). These findings were con- 
firmed in experiments conducted on three different 
occasions. 


Comment . l 

The levels of the major circulating metabolite of 
PGE,, namely, 13,14-dihydro-15-keto-PGE, (measured 
as | 1-deoxy- 13,14-dihydro-15-keto-11,16-cyclo-PGE,) 
in plasma of women in labor are increased only slightly 
compared with levels in plasma of women not in la- 
bor.® ° This is surprising because amnion is believed to 
be a key tissue in the molecular events that lead to the 
initiation of parturition in women and because only 
PGE, is produced in amnion. Moreover, PGE, also is 
produced in chorion laeve and decidua vera, presum- 
ably in large amounts.’ . 

In the design of the present investigation we consid- 
ered the possibility that PGE,, produced in decidua 
vera, is converted to PGF,, by the action of PGE, 9- 
ketoreductase, which is known to be present in this 
tissue." '? We determined the specific activity of this 
enzyme, which catalyzes the conversion of PGE, to 
PGF,,,. namely, PGE; 9-ketoreductase, in decidual cy- 
tosol. We extended these studies to evaluate the pos- 
sibility that PGE», produced in tissue sites other than 
décidua, for example, amnion or chorion laeve, was 
converted to PGF», in decidua. To do so, we used en- 
dometrial stromal cells maintained in monolayer cul- 
ture as a model for decidua. We found that PGF,, and 
metabolites thereof were produced by endometrial 
stromal cells that were incubated in the presence of 
PGE, and inhibitors of cyclooxygenase. But it is of im- 
portance that the production of PGF,, from exoge- 
nously added PGE, is small compared with the specific 
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PGFoq Production (ng/mg protein) - 





0 4071 401 ; 40> - 405 
PGE, Added to Culture Medium (pg/ml) 


Fig. 4. Prostaglandin F,, production (mean + SEM, n = 6) 
by endometrial stromal cells in mono.ayer culture (100 wg 
protein per milliliter of culture medium) in the presence of 
exogenous PGE, in various concentrations. 


Table II. Production of PGF,, from exogenous 
PGE, in the presence of inhibitors of 
prostaglandin synthesis (mean + SEM) 


; PGF, production 
Treatment (nglléhrimg of protein) 
Control 4.3 + 0.95 
Indomethacin 0 
Mefenamic acid 2.4 + 0.67 
PGE, (100 ng/ml) 13.2 + 1.23 
Indomethacin 7.7 + 1.90 
. Mefenamic acid 5.5 + 0.87 
PGE, (1000 ng/ml) 12.1 + 1.87 
Indomethacin 11.2 + 1.70 
Mefenamic acid 120+ 1.15 . 


Endometrial stromal cells (n = 5) in monolayer ‘culture in- 
cubated for 18 hours in the absence or presence of PGE, in 
various concentrations and in the-absence or presence of in- 
hibitors of cyclooxygenase (indomethacin, 2 uM, or mefe- 


` namic acid, 3.8 uM). Each medium contained ethanol (0.2%, 


v/v) as the vehicle for PGE,. At the end of the incubation 
period the quantity of PGF,,in the media was measured by 
specific radioimmunoassay. 


activity of PGE, 9-ketoreductase as determined under 
optimal conditions with use of cytosolic fractions of 
decidua vera tissue, The possibility also exists therefore 
that PGE, does not enter endometrial stromal cells 
freely, that is, by diffusion. Indeed it has been suggested 
that a transport-mediated process is involved in the 
entry of prostaglandins into cells.'* '* On the other 
hand, the possibility exists that indomethacin and mef- 
enamic acid act in intact cells to inhibit PGE, 9-keto- 
reductase activity; with the conentrations of cyclooxy- 
genase inhibitors used, however, this latter possibility 
is unlikely. 

Previously it was demonstrated” that the specific ac- 
tivity of 15- -hydroxyprostaglandin dehydrogenase in cy- 
tosolic fractions of decidua vera tissue is high, namely, 
approximately three orders of magnitude greater 
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than that of PGE, 9- E T as determined in 
this investigation. Moreover, the preferential cofactor 
for 15-hydroxyprostaglandin dehydrogenase is NAD+ 
whereas that for PGE, 9-ketoreductase is NADPH. It 
is likely therefore that PGE, produced in this tissue is 
metabolized preferentially to 15-keto-PGE, by the ac- 
tion of 15-hydroxyprostaglandin dehy drogenase and 
thence to 13,14-dihydro-15-keto-PGE,. Indeed it may 
be that the demonstration of the conversion of PGE, 
to. PGF,, in intact stromal cells is possible, since the 
activity of 15-hydroxyprostaglandin dehydrogenase in 
these cells is low™® (also unpublished data); this finding 
may be a consequence of the in vitro conditions used 
for stromal cell culture, since in many tissues this en- 
zyme is regulated hormonally,” especially by steroids 
and protein hormones that are elevated during preg- 
nancy. The specific activity of PGE, 9-ketoreductase in 
decidual tissue obtained at term, as determined in this 
study, varies widely and may be reflective of any of a 
number of processes that include inactivation of the 
enzyme by proteolytic or other regulatory mechanisms, 
genetic regulation, hormonal regulation, and others., 

‘Thus the source of PGF,, and metabolites thereof in 
plasma of women during labor ‘remains undefined. 
From the findings of this and other investigations, it 
appears that PGF, may be formed in part by conver- 
sion of PGE,. On the other hand, the high rate of 
inactivation (by 15-hydroxyprostaglandin dehydroge- 
nase) of PGE, in decidua compared with that of 
9-ketoreductase, as demonstrated in vitro, is not sup- 
portive of a major role for decidual 9-ketoreductase as 
a source of PGF,,. The production of PGF from ar- 
achidonic acid by the action of PG synthase, however, 
also is not completely understood; this is because evi- 
dence has been presented that PGF. is formed, at least 
in part, by nonenzymatic conversion of endoperoxide 
intermediates. Thus a definition of the importance of 
9-ketoreductase in the formation of PGF,, in vivo may 
require further investigation. 


We thank Dr. K. T. Kirton (The Upjohn Co., Kala- 
mazoo, Michigan) for the kind gift of prostaglandin F,, 
antiserum. We also thank Susan Rawlins for assistance 
in obtaining tissues, Jesse Smith, Robert Athey, and 
Tina Rayfield for skilled technical assistance, and Rose- 
mary Bell and Jo Ann Killebrew for expert editorial 
assistance. 
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Acetaminophen pharmacokinetics: Comparison between 
pregnant and nonpregnant women 


William Rayburn, M.D., Uhmesh Shukla, Ph.D., Phillip Stetson, M.D., Ph.D., and 


Evelyn Piehl, R.N.. M.S.N. 
Ann Arbor, Michigan 


Acetaminophen is the most commonly taken drug during pregnancy, but knowledge about its absorption 
and disposition is lacking. Six healthy women volunteered to ingest a standard 1000 mg dose at 36 weeks’ 
gestation and 6 weeks post partum. Mean maternal serum concentrations of acetaminophen were 
consistently less than but not significantly different from the postpartum values. The mean half-life of 
acetaminophen during pregnancy (3.7 hours) was not significantly different from the nonpregnant value 
(3.1 hours). The maximum plasma concentration occurred at 0.8 hours and was 20.8 + 6.9 pg/mi during 
pregnancy and 23.7 + 6.0 pg/ml in the nonpregnant state. The absorption, metabolism, and renal 
clearance of acetaminophen were unchanged. The decrease in the mean area under the curve during 
pregnancy may be explained by the increase in volume of distribution of acetaminophen. Potentially 
hepatotoxic metabolites were not measurable in the maternal serum. We conclude that the absorption and 
disposition of acetaminophen, when used in a standard oral dose, are not affected by pregnancy. (Am J 


OssteT GYNECOL 1986;155:1353-6.) 


Key words: Acetaminophen, pregnancy, hepatotoxicity 


Acetaminophen is a widely used nonprescription an- 
algesic and antipyretic. It is a relatively safe drug when 
taken at a normally recommended oral dose of 1000 
mg every 4 hours. Because of its apparent safety, ac- 
etaminophen has been promoted as a substitute for 
aspirin. Drug surveys have reported that three fourths 
of women take mild analgesics at some time during 
pregnancy, and acetaminophen is taken four to five 
times more often than aspirin.~* No other drug except 
multivitamins and perhaps caffeine is ingested more 
by pregnant women. Acetaminophen has also been 
shown to be the most commonly overdosed drug during 
pregnancy.” 

Unlike the case with aspirin, there have been few 
clinical or epidemiologic studies in pregnant women to 
realize potential adverse effects from acetaminophen 
exposure. Pregnancy is known to affect the distribution 
and elimination of drugs,*® but specific information is 
lacking about the effect of pregnancy on acetamino- 
phen pharmacokinetics. Recent investigations have 
shown that women who are chronic users of low-dose 
estrogen-containing oral contraceptives have more 
rapid clearance of acetaminophen than do matched 
nonusers.”” 


From the Departments of Obstetrics and Gynecology and Pharmacol- 
ogy, the University of Michigan Medical School. 

Sponsored by the Soctety for Gynecologic Investigation. 

Reprint requests: William F. Rayburn, M.D., Department of Odsiet- 
rics and Gynecology, University of Nebraska Medical Center, 42nd 
and Dewey Ave., Omaha, NE 68105. 


Acetaminophen is transferred across the human pla- 
centa to the fetus.'° Human fetal liver cells have been 
shown to convert the drug in part end may be affected 
by newly formed, potentially hepatotoxic metabolites 
after oxidation." An assessment of the effect of preg- 
nancy on the pharmacokinetics of acetaminophen is 
important, since the fetal exposure to drugs is largely 
a function of the drug concentration time profile in the 
mother.’? The purpose of this investigation was to com- 
pare the absorption and disposition of acetaminophen 
between pregnant and nonpregnant women. An anal- 
ysis of acetaminophen metabolites should also provide 
a comparison of hepatic conjugation processes between 
pregnant and nonpregnant women. 


Material and methods 


Six pregnant patients volunteered for this investi- 
gation. All persons were healthy as determined by med- 
ical history, physical examination, and laboratory pa- 
rameters normally evaluated during pregnancy. None 
had evidence of hepatic or renal disease. None smoked 
or took any medications (except daily prenatal vita- 
mins). These patients were followed up in the private 
clinic of the principal investigator (W. R.). 

The 500 mg acetaminophen caplets were taken from 
a bottle of Tylenol Extra-Strength. The drug ingestion 
and blood and urine collection occurred at 36 weeks’ 
gestation and 6 weeks post partum. After an overnight 
fast, each woman ingested two caplets with 8 ounces of 
water. This amount was chosen because it is a standard 
recommended dose. A 5 ml blood specimen was drawn 
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©- - -O Nonpregnant 


= 
© 


@—e Pregnant 


PLASMA ACETAMINOPHEN 
CONCENTRATION (pg/ml) 





TIME (hr) 


Fig. 1. Mean plasma concentrations of acetaminophen after 
an oral dose of 1000 mg in six healthy women during preg- 
nancy and when not pregnant. 


from each semirecumbent patient at the following 
times: before administration and at 0.25, 0.5, 1, 1.5, 2, 
3, 4, 6, 8, and 12 hours. Blood was gathered in hepa- 
rinized tubes, centrifuged, harvested, and frozen at 
— 20° C. All voided urine was collected at the end of 
the following times: before administration and at 4, 8, 
12, and 24 hours. The volumes were measured, and a 
50 ml aliquot was frozen. 

Concentrations of acetaminophen and its primary 
metabolites were measured in each of the urine and 
blood specimens. Duplicate assays were performed on 
each specimen. Analytical methods developed by Ad- 
riaenssens and Prescott,'* Galinsky et al., and Howie 
et al.'* using high-performance liquid chromatography 
provided a simple, rapid method for the simultaneous 
assay of acetaminophen and its sulfate, glucuronide, 
and glutathione conjugates. Acetaminophen-glutathi- 
one (which is eventually transformed into measurable 
cysteine and mercapturic acid metabolites) is an index 
of cytochrome P-450—mediated oxidative biotransfor- 
mation, a potentially toxic route of metabolism for ac- 
etaminophen." 

The half-life (t2) of acetaminophen during preg- 
nancy and post partum was calculated from the slope 
of a semilogarithmic plot of the terminal plasma con- 
centration versus time. All slopes were extrapolated 
with the use of linear regression analysis. The maxi- 
mum plasma concentration and time to reach maxi- 
mum concentration were also determined. The area 
under the plasma concentration time curve (AUC) was 
calculated to provide a measure of the extent of ab- 
sorption. This was calculated with the use of a standard 
trapezoidal method from time 0 until the final sampling 
time and by extrapolation from the final sampling time 
to infinity with the use of the elimination constants as 
determined previously. The oral clearance (CL/F) was 
calculated by means of the relationship 


dose 


L/S 
: AUC, >a 


December 1986 
Am J Obstet Gynecol 


Table I. Pharmacokinetic parameters of 
acetaminophen disposition in pregnant and 
nonpregnant women. (*1 S.D.) 


tu (hr) 37404 31404 NS 
Cmax (ug/ml) 20.8 + 6.9 23.7460 NS 
Tma (hr) 0.8 +04 08+04 NS 


AUC (ug hr/ml) 
CL/F (L/hr) 


48.15 + 12.6 66.4 + 11.9 <0.05 
21.9 + 5.37 15.4 + 2.5 <0.05 


CLr (Lrhr) 0.61 + 0.64 0.35 + C.34 NS 
Urinary excretion (%) 
Acetaminophen PAo E 2 25 +23 NS 
Glucuronide 40.2 + 21.5 40:6 + 20.7 NS 
Sulfate 17.8 + 14.8 24.7 =+ 18.1 NS 
Cysteine adduct 65 L9 3817 NS 
Mercapturic acid Zoe Al 2:1 e155 NS 


NS = Not statistically significant (p > 0.05). 


Cmax = Maximum plasma concentration; Tax = time to 
reach maximum concentration; AUC = area under the 
plasma concentration curve; CL/F = oral clearance; CL, = 
renal clearance. 


and renal clearance (CL,) was calculated as: 


amount excreted 


CL, = 
à AUC >a 


The two kinetic studies were performed in the same 
indivicuals. Comparisons were made with the use of a 
paired ¢ test (two-tailed) since the tests were based on 
dependent rather than independent samples. A p value 
>0.05 was considered not to be statistically significant. 


Results 


The six Caucasian women were similar in age (mean 
29 years, range 27 to 33 years), height (mean 62 inches, 
range 60 to 65 inches), weight at delivery (mean 162 
pounds, range 147 to 170 pounds), and weight at 6 
weeks post partum (mean 137 pounds, range 117 to 
148 pounds). The deliveries occurred at term (39 to 41 
weeks), and all infants appeared to do well. The moth- 
ers continued not to take any medications (except vi- 
tamins) or smoke after delivery. 

Comparisons of plasma acetaminophen concentra- 
tions between the pregnant and nonpregnant groups 
are shown in Fig. 1. The absorption of acetaminophen 
was rapid in both groups. Pharmacokinetic parameters 
are compared between the two groups in Table I. The 
maximum plasma concentration at 0.8 hours was 
20.8 + 6.9 pg/ml during pregnancy and 23.7 + 6.0 
pg/ml post partum. Average serum acetaminophen 
levels were slightly less during pregnancy but not sig- 
nificantly different from those of the nonpregnant 
state. The area under the plasma concentration time 
curve (Fig. 1) was 48.15 + 12.6 pg/ml: hr during 
pregnancy and 66.4 + 11.9 pg/ml - hr in the nonpreg- 
nant state. This difference was significantly different. 
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The metabolism of acetaminophen was similar be- 
tween the two groups. None of the two major metab- 
olites (sulfate and glucuronide) or minor metabolites 
(mercapturic acid, cysteine) was measurable in the ma- 
ternal serum either during pregnancy or in the non- 
pregnant state. The renal clearance of acetaminophen 
was 43% greater during pregnancy than in the non- 
pregnant state, which is statistically significant. Only 
2.5% + 2.1% of acetaminophen was excreted un- 
changed in the urine in both groups. The glucuronide 
conjugate was the principal metabolite found in the 
urine, and the proportion of elimination of the differ- 
ent metabolites during late gestation was the same as 
that without pregnancy (Table I). 


Comment 


Acetaminophen has been used increasingly for al- 
most four decades as an analgesic during pregnancy. 
It is known to cross the placenta in an unconjugated 
form and is excreted in the urine of an exposed fetus 
in a manner similar to that of a 2- or 3-day-old infant 
who had received oral acetaminophen." No teratogenic 
or other adverse fetal or maternal effects have been 
reported despite an inadequate number of epidemio- 
logic and clinical studies.’ Because of the common use 
of acetaminophen during pregnancy with no apparent 
harmful effects, this prospective investigation was un- 
dertaken to compare the absorption and disposition of 
acetaminophen between the pregnant and nonpreg- 
nant conditions. 

Acetaminophen absorption depends on the rate of 
gastric emptying. The times of maximal plasma acet- 
aminophen concentrations in healthy nonpregnant 
subjects range between 0.5 and 1.4 hours." The time 
of 0.8 hours found in this study was not different be- 
tween the pregnant and nonpregnant conditions. Any 
delay in the maximal plasma concentration may be 
from decreased gastric emptying times in late preg- 
nancy.'* 

The t% and serum concentrations of acetaminophen 
were found to be slightly less during pregnancy. This 
can best be explained by the increased clearance as 
gestation advances.'* Approximately 85% to 95% of a 
therapeutic dose was excreted in the urine within 24 
hours.'® The 2.5% excretion of acetaminophen in its 
unchanged form reported here was the same whether 
during pregnancy or not. Approximately half is ex- 
creted as glucuronide metabolites.” This finding was 
present whether or not the woman was pregnant. 

Work by Morris et al." involving pregnant rats and 
their fetuses revealed that acetaminophen and the sul- 
fate and glucuronide conjugates undergo placental 
transfer but no appreciable conjugate formation occurs 
within the rat fetus. In contrast, Wang et al.” found no 
placental transfer of glucuronide and sulfate conju- 
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gates in the pregnant sheep. The kidney was the pre- 
dominant route of elimination for these two conjugates 
in both studies. Maternal levels of acetaminophen me- 
tabolites were nondetectable in the present investiga- 
tion. It can be assumed that fetal hepatic exposure to 
any hepatotoxic metabolite in late gestation is unlikely 


-with the use of a standard dose regimen. 


The renal clearance of acetaminophen in healthy 
nonpregnant adults is about 0.72 L/hr (range 0.3 to 1.2 
L/hr).” The renal clearance of acetaminophen in the 
present investigation was found to be 0.61 L/hr during 
pregnancy and 0.35 L/hr in the nonpregnant state, and 
these values were not significantly different. Lin and 
Levy” have reported the effect of advanced pregnancy 
on the pharmacokinetics of acetaminophen in pregnant 
rats given two large intravenous doses. The total ac- 
etaminophen clearance was increased during preg- 
nancy, but excessive doses led to no effect or even a 
decrease in the relative and absolute clearance of ac- 
etaminophen. 

The only other comparative studies of acetamino- 
phen pharmacokinetics in reproductive-aged women 
have involved effects from oral contraceptive steroids. 
Studies by Abernethy et al.,’ Mitchell et al.,° and Miners 
et al.” include seven or eight healthy women who used 
oral contraceptive steroids containing =50 mcg or eth- 
inyl estradiol and <1 mg of progestogen for at least 6 
months. As in our study of pregnant women, the t2 
and serum concentrations of acetaminophen were 
found to be lower than in the control group of women. 
The 41% to 49% increase in renal clearance of acet- 
aminophen in women using oral contraceptives was 
similar to the 43% clearance rate found in our pregnant 
women. Our data suggest that metabolic pathways for 
the conjugation of acetaminophen are not selectively 
enhanced by pregnancy. In contrast, oral contraceptive 
use may encourage the glucuronidation pathway while 
not affecting sulfation.”” The mechanism for such an 
observed enhancement is not known. 

Results from this pharmacokinetic investigation have 
clinical implications. Pregnancy is not thought to ad- 
versely affect the absorption and disposition of acet- 
aminophen. Any increased clearance of the drug dur- 
ing pregnancy would be explained by anticipated 
physiologic changes. Hepatotoxic effects from acet- 
aminophen biotransformation are probably no more 
likely during pregnancy when a single standard oral 
dose is ingested. 
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Use of ritodrine, terbutaline, and magnesium 
sulfate in preterm labor 


To the Editors: 

Beall et al. have recently compared the efficacy of 
ritodrine, terbutaline, and magnesium sulfate in the 
treatment of preterm labor (AM J OBSTET GYNECOL 
1985;153:854-9). They concluded that there was no 
difference in efficacy between the drugs and that an 
unacceptably high incidence of side effects was ob- 
served with the use of terbutaline. 

The high incidence of side effects with terbutaline 
should not be unexpected. Beall et al. have adminis- 
tered terbutaline intravenously beginning at. an. infu- 
sion rate of 20 pg/min and increasing that dose by 50% 
every 10 minutes until a maximum rate of 70 wg/min 
was reached, side effects occurred, or contractions 
ceased. On a bioequivalent basis this is comparable to 
initiating an infusion or ritodrine of 700 g/min and 
increasing it to a maximum of 2450 g/min.’ In a study 
from the University of Pittsburgh the maximal infusion 
rate used to inhibit preterm labor with terbutaline was 
17.5 g/min. The average dose of terbutaline required 
to sustain labor inhibition was 2.9 pg/min with a max- 
imal infusion rate averaging 6.6 g/min. ! In the study 
of Beall et al. 60% of patients receiving terbutaline had 
the drug discontinued because of side effects. In our 
study, only 8% of patients had the drug discontinued 
because of side effects. 

In view of the study design chosen by Beall et al., 
one cannot adequately evaluate the relative merits of 
ritodrine and terbutaline. The only valid conclusion 
that can be drawn is that an excessive dose of terbu- 
taline causes more side effects than does an appropriate 
dose of ritodrine. 

Steve N. Caritis, M.D. 
University of Pittsburgh School of Medicine 
Magee-Womens Hospital 
Forbes and Hatket Streets 
Pittsburgh, Pennsylvania 15213 
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Reply 
To the Editors: 

Thank you for the opportunity to respond to the 
letter commenting on our terbutaline dose. There are 
two points that need to be made with regard to the 
objection that the dose of terbutaline used in our study 
was too high. 

At the time that our study was being planned, in the 
spring of 1983, the work cited had not yet been pub- 


lished. Our best information on the dose of terbutaline 
necessary to suppress labor came for the work of Wal- 
lace et al.,! who found that a dose of 10 to 80 g/min 
of terbutaline was needed to suppress contractions. To 
blind the administration of B-mimetic drugs, it was nec- 
essary to choose the middle of this range, or 20 to 70 
g/min as our dosage limits. Ingemarsson” has re- 
ported lower maximum necessary doses of terbutaline, 
but he and others’ have still used terbutaline at rates 
higher than those reported by Caritis. 

Although we might have had a lower rate of side 
effects with a lower rate of infusion of terbutaline, our 
feeling is that, in the absence of any indication of ad- 
vantage of terbutaline over ritodrine, we will choose to 
use the drug that has been approved for this indication 
and that is being extensively studied. We have also 
elected to continue to study magnesium sulfate because 
of a real advantage in side effect rate with this agent. 

Mare H. Beall, M.D. 
Richard H. Paul, M.D. 
Department of Obstetrics and Gynecology 
University of Southern California School of Medicine and 

Women’s Hospital 
Los Angeles County! University of 

Southern California Medical Cenier 
Los Angeles, California 90033 
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Management of diabetes mellitus 


To the Editors: 

We read with interest Dr. Gabbe’s excellent review 
entitled “Management of diabetes mellitus in preg- 
nancy” published in the Clinical Opinion section (AM 
J OBSTET GYNECOL 1985; 153:824-8). We were some- 
what concerned, however, with his staternent that in- 
sulin treatment must be initiated when the plasma glu- 
cose level is >105 mg/dl fasting or >120 mg/dl in the 
postprandial period, an assertion we believe to be too 
dogmatic and as yet unsupported by adequate data. 
Although all practitioners first aim to reduce hyper- 
glycemia through dietary alterations, the level of 
plasma glucose at which insulin treatment should be 
initiated is not precisely known. In fact, there is infor- 
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mation in the literature which contradicts the abso- 
luteness of Dr. Gabbe’s statement. 

For example, in his own study of Class A diabetes 
mellitus in pregnancy,’ Dr. Gabbe did fot use insulin 
therapy until fasting serum glucose level was =110 mg/ 
dl, an approach that resulted in a perinatal mortality 
similar to controls. Results from a more recent pro- 
spective, randomized trial of insulin therapy in gesta- 
tional diabetes further question the need for drug treat- 
ment at levels suggested .by Gabbe. In the study by 
Persson et al.,* 105 gestational diabetic patients with 
fasting blood sugar levels <126 mg/dl and postprandial 
levels <162 mg/d] treated with diet alone, experienced 
maternal and fetal outcomes, including mean birth 
weight, which were no. different than a similar group 
of 97 pregnant women treated with diet plus insulin, 
the latter designed to reduce fasting serum glucose lev- 
els to 90 mg/dl and postprandial levels-to 117 mg/dl. 

It is true that in the reports of the First? and Sec- 
ond * International Workshop Conferences on Gesta- 
tional Diabetes Mellitus, to which Dr. Gabbe contrib- 
uted, it was.stated that many centers do initiate insulin 
therapy when fasting or postprandial glucose levels are 
>105 mg/dl and >120 mg/dl, respectively; however, 
no strict recommendations were made. 

Finally, we are aware of no well-controlled, prospec- 
tive study that has unequivocably identified benefits of 
insulin therapy in gestational diabetes when fasting glu- 
cose levels remains <105 mg/dl, and this is why some 
centers do not measure postprandial serum glucoses in 
such patients. 

Given the lack of data precisely defining levels of 
hyperglycemia which necessitate insulin therapy, we 
would suggest that the values of plasma glucose indi- 
cated by Gabbe be taken as recommendations from one 
experienced clinician-investigator but not as an estab- 


lished standard of care as was suggested in an otherwise. 


excellent article. l 
= Wiliam M. Barron, M.D. 
, Marshall D. Lindheimer, M.D. 
Depariments of M edicine 
and Obstetrics and Gynecology 
Division of the Biological Sciences and 
the Pritzker School of Medicine 
University of Chicago 
3841 S. Maryland Avenue 
Chicago, Illinois 60637 
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Reply 
To. the Editors: 

I am pleased to have the opportunity to respond to 
the letter of Drs. Barron and Lindheimer. | appreciat2 
their interest in the controversial area of insulin eras 
for patients with gestational diabetes. 

As they noted, the Second International Worlshoe. 
Conference on Gestational Diabetes Mellitus supported 
the use of insulin in gestational diabetes when plasma 
glucose levels exceeded 105 mg/dl fasting or 120 mg/ 
dl in the postprandial period. It is my “clinical opinior:” 
that insulin therapy should be initated in these circurr- 
stances, and I believe there is good evidence to support 
this recommendation. I would agree that there are no 
well-controlled prospective studies that have unequiv- 
ocally identified the benefits of insulin therapy in ges- 
tational diabetes when fasting glucose leveis remam 
<105 mg/dl. The issue raised in their letter, however, 
was. the use of insulin when. fasting plasma glucose 
levels exceeded 105 mg/dl. In an excellent review article 
by Kalkhoff,’ several studies that would support this 
therapy have been cited. Metzger et al.? noted that pa- 
tients with gestational diabetes whose fasting plasma 
glucose levels exceeded 105 mg/dl had significantly 
higher levels throughout the day of several plasma sub- 
strates including glucose, free fatty acids, triglycerides, 
and selected amino acids. Metzger et al.’ also observed 
that women with a fasting plasma glucose level of = 1/5 


_ mg/dl detected after 32 weeks and treated with d et 


alone were delivered of infants with a mean birth 
weight of 4109 gm. The birth weights of infants of 
mothers with gestational diabetes whose fasting plasma 
glucose levels fell below 105 mg/di on diet only or wao 
had elevated fasting plasma glucose levels but received 
diet and insulin were comparable and were significantly 
lower than those of the offspring of patients with fest- 
ing hyperglycemia who were treated with diet onlv? 
.Barron and Lindheimer have cited the prospect.ve 
randomized study of 202 women with gestational dia- 
betes performed by Persson et al.* in Sweden. Woren 
randomized to the diet only group received insulin 
when their fasting blood glucose level exceedec 7 
mmol/L or when their postprandial blood giucose level 
exceeded 9 mmol/L. However, these blood glucose ~al- 
ues were based on capillary determinations (as ir.di- 
cated in Fig. 3 of the article by Persson et al.) and would 
correspond to plasma glucose levels of 107 mg/dl fast- 
ing and 138 mg/dl in the postprandial state. Both con- 
centrations are similar to the guidelines for insulin 
treatment suggested by the Second International Wcrk- 
shop-Conference. While there were no perinatal decths 
in this study, neonatal morbidity occurred in 28.6% 130/ 
105) of those on diet only and 41.2% (40/97) of those 
on diet and insulin. That these figures are similar is not 
surprising when one notes that the mean blood glucose 
levels achieved in this study were comparable and 
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ranged between 5 and 6 mmol/L (plasma glucose level, 
77 to 92 mg/dl). 

I would certainly agree with Barron and Lindheimer 
that more information is needed on this important sub- 
ject. At present our objective in the treatment of pa- 
tients with gestational diabetes mellitus must be a re- 
duction in neonatal morbidity. It may be that a better 
understanding of the roles played by other fetal fuels 
such as fatty acids and amino acids will enable us to 
achieve this goal.’ 

Steven G. Gabbe, M.D. 
Division of Fetal Medicine 
Department of Obstetrics and Gynecology 
University of Pennsylvania 
Hospital of the University of Pennsylvania 
3400 Spruce Street 
Philadelphia, Pennsylvania 19104 
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Mechanism of amnioinfusion 


To the Editors: 

Nageotte et al. (AM J OBSTET GYNECOL 1985; 
153:557-62) have made a significant contribution to the 
care of the premature infant with the use of maternal 
infusion of fluids. Since the 1950s I have used am- 
nioinfusion for both the treatment of amnionitis and 
for fetal distress associated with oligohydramnios."* I 
believe that much of the fluid infused into the amniotic 
cavity is rapidly absorbed into the maternal circulation 
and consequently expands the maternal plasma vol- 
ume. We have also found that a majority of women 
with premature labor were hypovolemic and that 
plasma volume expansion may improve placental per- 
fusion in these cases.* 

There are a number of questions I have about this 
study. What was the incidence of nuchal cords? Did the 
authors show by ultrasound that there was sustained 
expansion of the amniotic space, especially about the 
umbilical cord, after infusion? Were the differences in 
frequency of FHR decelerations sufficient to explain 
the differences in cord pH values? Although Kubli 
et al.'s 1969 study showed decreased scalp pH with 
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decelerations of fetal heart rate, these decelerations in 
fetal heart rate were extreme.‘ The authors’ association 
between variable decelerations and fetal acidemia is also 
at variance with the 1980 report of Zanini et al.’ in 
which they correlated intrapartum fetal heart rate in 
the preterm fetus with scalp pH. Zanini et al. found 
that the various fetal heart rate patterns in premature 
infants was related to scalp pH only when short-term 
variability was absent.’ I believe that amnioinfusion can 
only affect short-term variability by improving placen- 
tal perfusion through plasma volume expansion. In- 
travenous infusions of Ringer’s lactate solution is a bet- 
ter method.’ And finally, if labor is associated with such 
marked decline in umbilical artery pH as seen in the 
controls, would not cesarean section in early labor be 
the preferred method of delivery for these premature 
infants? 

Robert C. Goodlin, M.D. 
University of Colorado Health Sciences Center 
Box B198 
4200 East Ninth Avenue 
Denver, Colorado 80262 
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Reply 
To the Editors: 

Dr. Goodlin raises several questions regarding the 
intrapartum use of amnioinfusion, some of which have 
been raised and addressed in previous correspon- 
dence.' With respect to the frequency of nuchal cords, 
there was no difference in incidence between control 
patients and those receiving prophylactic amnioinfu- 
sion. Initially, ultrasound was used in patients both at 
the time of entry as well as a post loading dose to reas- 
sess intrauterine fluid volume. In each instance the am- 
niotic fluid was qualitatively greater after infusion when 
compared with preinfusion scans. Because of this con- 
sistent finding, a postloading-dose ultrasound study was 
not felt to be necessary and therefore was not per- 
formed on all patients. 

Regarding the issue of scalp pH differences between 





+ 
ud 





She” Eno Bh pod 


1360 Correspondence 


treatment and control patients, the conclusion reached 
was that the patients receiving amnioinfusion had a 
higher mean pH (umbilical vein and umbilical artery) 
than the mean pH of the control patients and that 
the difference was highly statistically significant (p < 
0.001). It was not concluded that the control patients 
delivered babies with abnormally low pH values. In- 
deed, the pH values for the control patients were con- 
sistent with those reported for normal term newborn 
infants delivered vaginally.’ If careful monitoring and 
active intervention via cesarean section for fetal distress 
had not been performed (one instance in the treatment 
group compared with seven instances in the control 
group), an even lower mean pH value would have been 
expected in the control patients. Each episode of fetal 
distress consisted of severe recurrent variable or pro- 
longed decelerations not relieved with position change, 
oxygen, or rapid hydration. 

I disagree with the statement “that amnioinfusion can 
only affect short-term variability by improving placen- 
tal perfusion through plasma volume expansion.” 
Short-term variability will be decreased or absent sec- 
ondary to worsening hypoxemia, hypercarbia, and ul- 
timately acidosis. Most investigators agree that variable 
decelerations in the majority of cases result from um- 
bilical cord compression. The greater the frequency 
and severity of variable declerations, the more signifi- 
cant the cord compression. This in turn may lead to 
metabolic disturbances that are reflected by loss of 
short-term variability or even a rise in baseline heart 
rate. The results would strongly support a direct influ- 
ence of amniotic fluid volume on the incidence of cord 
compression as reflected in the frequency and severity 
of variable decelerations of the fetal heart rate. To con- 
clude that this improvement resulted from plasma vol- 
ume expansion and that intravenous infusion “is a bet- 
ter method” would be erroneous. 

Finally, the question of cesarean section as the “pre- 
ferred method” of delivery would also not be supported 
by this study. Although all deliveries were premature 
with the majority at <31 weeks of gestation, a trial of 
labor with vaginal delivery was successful in over 85% 
of cases. The overall mortality rate (4.9%) for these 
patients compared favorably with the annual low birth 
weight neonatal death rate (7.4%) at Women’s Hospital 
Memorial Medical Center. Prophylactic amnioinfusion 
early in labor for patients with premature rupture of 
membranes and a gestational age of <35 completed 
weeks is now routinely employed in this institution. We 
feel that it represents a breakthrough in the intrapar- 
tum management of this high-risk group of patients. 

Michael P. Nageotte, M.D. 
Women’s Hospital 
Memorial Medical Center 
Long Beach, California 90801 
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Operative hysteroscopy under real-time 
ultrasonography 


To the Editors: 

The improvement of endoscopic equipment has 
made hysteroscopy valuable for treatment of intra- 
uterine adhesions, with better results compared to cu- 
rettage. To assist extensive and more complete dissec- 
tion and to prevent inadvertent perforation of the myo- 
metrium, concomitant laparoscopy is advised.’ 

Lately, real-time ultrasound proved to be valuable in 
supporting complicated gynecologic procedures.” * We 
suggest concomitant use of real-time ultrasound during 
operative hysteroscopy in cases with no indication for 
laparascopic intra-abdominal evaluation. The tech- 
nique was used in the last 12 operative hysteroscopies 
and was found to be of great help. 

With use of fluid (5% dextrose in water) as the dis- 
tention media, the uterine cavity is visualized. The po- 
sition of the hysteroscope can be determined at every 
step, and the movement of the scissors is controlled 
(Fig. 1). In contrast to laparoscopy, real-time ultra- 
sound is a safe procedure; there is no need for further 
anesthesia other than that used for hysteroscopy, and 
most important, uterine perforation can be prevented 
and not merely diagnosed. We recommend the use of 
real-time ultrasound during operative hysteroscopy. 

E. Shalev, M.D. 
H. Zuckerman, M.D. 
Department of Obstetrics and Gynecology 
Central Emek Hospital 
Afula 18 101, Israel 


Reprints may be requested from Dr. Shalev at the above address. 
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Fig. 1. Longitudinal ultrasonic section (empty bladder) show- 
ing the hysteroscope (H) and scissors (S). 
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Amnioinfusion for fetal distress 


To the Editors: 

Amnioinfusion for fetal distress is a recent obstetric 
innovation with great clinical potential. We have closely 
followed the developments of amnioinfusion as re- 
ported in the literature'* and were particularly inter- 
ested in the studies of Miyazaki et al. In their article 
entitled “Saline amnioinfusion for relief of repeti- 
tive variable decelerations: A prospective randomized 
study” (AM J OBSTET GYNECOL 1985;153:301-6), they 
reported difficulty with their amnioifusion apparatus. 
They used a normal pressure catheter with an 18-gauge 
needle placed into a sideport of extension tubing. They 
noted an “artificial increase in the recorded resting tone 
of approximately 35 to 40 mm Hg.” It was postulated 
that the increase was a result of the resistance to the 
outflow through the fenestrated end of the pressure 
catheter. It was necessary to discontinue amnioinfusion 
in order to check the true resting uterine tone. 

To obviate this problem in our own studies, we have 





figure I 


figure 2 ea 
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developed a double lumen catheter with one tube for 
pressure monitoring and a second adjacent tube for the 
infusion of normal saline solution. The double lumen 
amnioinfusion catheter is depicted in Figs. ] to 4. Clin- 
ical trials to test the catheter and to further investigate 
the benefits of amnioinfusion are presently underway 
at Michael Reese Hospital and Medical Center. For 
more information, please contact us at Michael Reese 
Hospital and Medical Center. 
Jeffrey Levy, M.D. 
Bruce Rosenzweig, M.D. 
Michael Reese Hospital and Medical Center 
Department of Obstetrics and Gynecology 
Lake Shore Drive at 3 Ist Street 
Chicago, Illinois 60616 
Paul D. Blumenthal, M.D., M.P.H. 
Priizker School of Medicine 
Untwersity of Chicago 
Chicago, Illinois 60637 


REFERENCES 


1. Miyazaki FS, Taylor NA. Saline amnioinfusion for relief of 
variable or prolonged deceleration: a preliminary report. 
AM J OBSTET GYNECOL 1983; 146:670-8. 

2. Nageotte MP, Freeman RK, Garite TJ, Dorchester W. Pro- 
phylactic intrapartum amnioinfusion in patients with pre- 
term rupture of membranes. AM J OBSTET GYNECOL 
1985; 153:557-62. 

3. Gabbe SG, Ettingger BB, Freeman RK, Chester MB. Um- 
bilical cord compression associated with amniotomy: lab- 
oratory observation. AM J OBSTET GYNECOL 1976;126: 
353-5. 





Figs. 1 to 4. Fig. 1. Schematic illustration of the double lumen amnioinfusion apparatus: A, pressure 
transducer; B, intravenous infusion setup; C, contiguous portion of double lumen catheter. Fig. 2. 
Lengthwise view of catheter assembly: A, catheter lumens can be separated to this point; B, internal 
pressure catheter below; C, amnioinfusion catheter above. Fig. 3. Enlarged lengthwise sectional view: 
A, introducer; B, internal pressure catheter; C, amnioinfusion catheter. Fig. 4. Enlarged cross- 
sectional view: A, introducer; B, double lumen catheter. 
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Maternal serum a-fetoprotein screening and 
choriocarcinoma 


To the Editors: 

High maternal serum a-fetoprotein values are well 
accepted as being a potential signal for the presence of 
open fetal neural tube and other congenital defects.' 
While some adverse implications of low maternal serum 
a-fetoprotein values have also been long appreciated, 
an increased risk of Down syndrome in such pregnan- 
cies has recently been: observed.” One uncommon 
though critically important disease associated with low 
maternal serum a-fetoprotein values is choriocarci- 
noma.” * One recent experience further exemplifies the 
importance of recognizing this association. 

A 28-year-old Swedish woman with two previous 
pregnancies and two normal children underwent rou- 
tine a-fetoprotein screening at 16 weeks’ gestation. We 
observed a very low a-fetoprotein value of 11 IU/ml 
(equivalent to 0.38 multiples of the median) for 16 
week’s gestation. Ultrasound evaluation confirmed the 
gestational age and revealed no fetal abnormality. Am- 
niocentesis was done as recommended for chromosome 
studies. A normal female karyotype was found. 

Pregnancy continued until the uncomplicated term 
delivery of a normal female infant weighing 7 pounds, 
10.5 ounces. Almost 6 weeks after delivery rather heavy 
vaginal bleeding began. Admission to the hospital was 
followed by curettage. Histologic study of the endo- 
metrial curettage samples revealed choriocarcinoma. 
The initial human chorionic gonadotropin titer was 
5000 mIU/ml, which fell rapidly following treatment 
with methotrexate, actinomycin D, and Cytoxan. She 
was given two courses of chemotherapy and has done 
well, with no evidence of choriocarcinoma 8 months 
later. 

The mechanism resulting in low maternal serum a- 
fetoprotein values in association with choriocarcinoma 
remains obscure. Ishiguro’ noted that maternal serum 
g-fetoprotein was absent in seven of seven patients with 
choriocarcinoma and in 10 of 13 with hydatidiform 
mole. It would seem judicious to submit for histologic 
examination every placenta derived from a pregnancy 
with repeated low maternal serum a-fetoprotein values 
between 16 to 18 weeks’ gestation. Failure to detect a 
curable malignancy would represent an unmitigated 
disaster. 

Aubrey Milunsky, M.B., B.Ch., D.Sc., D.C... 
Cenier for Human Genetics 
Boston University School of Medicine 
80 East Concord Street 
Boston, Massachusetts 02118 

Jokn Yeranstan, M.D. 

Department of Obstetrics and Gynecology 
Newton-Wellesley Hospital 
Newton, Massachusetts 02162 
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Maternal serum a-fetoprotein screening and 
Down's syndrome 


To the Editors: 

Milunsky and Haddow' cogently warned about the 
misuses of «-fetoprotein screening in pregnant women. 
The application of this test to screen for Down’s syn- 
drome is an egregious misuse when one calculates the 
sensitivity and predictive value from Cucxle et al.’s 
data.” 

It was pointed out that the sensitivity of a low ma- 
ternal serum a-fetoprotein level is 21% sensitive for 
Down’s syndrome in the fetus. The screening test would 
miss 79% of Down’s cases; the negative result is there- 
fore nct reassuring. 

What is more notable is that the predictive value of 
a positive test (low a-fetoprotein) on a general popu- 
lation of pregnant women such as reportec. by Cuckle’ 
is only 0.7%! The risk of fetal loss attributable to am- 
niocentesis is 1% according to most sources.” Given that 
we would want to reaffirm the diagnosis of Down’s 
syndrome by amniccentesis, we would lose more nor- 
mal fetuses to amniocentesis than Down’s fetuses dis- 
covered by screening. The positive test result, if ap- 
plied, would exact more iatrogenic harm to a popula- 
tion of pregnant women than benefit. When applied to 
a population of pregnant women over 40, the predictive 
value rises to 7%; however most of these women un- 
dergo amniocentesis regardless of the serum a-feto- 
protein level. 

To be clinically useful then, a laboratory test should 
be scrutinized with respect to its predictrve value and 
sensitivity, especially when overdiagnosis and under- 
diagnosis is costly, as in Down’s syndrome. The mere 
statistical association of low serum a-fetoprotein and 
Down’s syndrome is not sufficient. The use of serum 
a-fetoprotein to screen for Down’s syndrome should 
be rejected unless other studies demonstrate acceptable 
sensitivity and predictive values for this test. 

Lawrencz R. Wu, M.D. 
Duke University Medical Center 
Box 2914 
Durham, North Carolina 27710 
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Electronic fetal monitoring 


To the Editors: 

Electronic fetal monitoring has become a standard 
procedure in obstetric practice, often permitting the 
early detection of serious fetal problems. Concomitant 
events, such as drug administration, may also affect the 
results obtained by fetal monitoring, so that an aware- 
ness of these changes is important in interpreting gen- 
erated data. Many drugs, particularly anesthetic drugs, 
can affect fetal monitoring. 

Changes in fetal heart rate can be subdivided into 
two categories: (1) baseline and (2) periodic features.' 
Anesthetics seldom cause periodic changes, although 
epidural anesthesia has been suspected of causing late 
decelerations.? Many drugs affect the baseline activity. 
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Atropine can cause tachycardia. Narcotics can cause 
sinusoidal patterns’ and can decrease baseline vari- 
ability.* The local anesthetics can change baseline vari- 
ability; lidocaine is said to decrease variability® while 
bupivacaine has been reported to increase baseline vari- 
ability. Chloroprocaine, rapidly metabolized, has no 
effect on variability.® 

The local anesthetic mepivacaine has been used for 
many years for epidural anesthesia for obstetrics. Re- 
ports of its affect on the neonate, however, have re- 
sulted in a decrease in its popularity.’ More recent in- 
formation questions the effect of mepivacaine on the 
neonate.® The effect of mepivacaine on heart rate vari- 
ability has not been reported. 

Mepivacaine is an amide local anesthetic. Since li- 
docaine is also an amide, and since lidocaine has been 
reported to decrease fetal heart rate variability, mepi- 
vacaine might be expected to decrease variability. That 
has not been our experience. We administered mepi- 
vacaine, 1.5%, to three patients in labor. Fetal heart 
rate traces before and after injection of 10 ml mepi- 
vacaine into the epidural space produced little or no 
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Fig. 1. Fetal heart rate tracing at 9:50 AM. An internal (scalp) electrode was used. Uterine activity 
was monitored with use of an external (ultrasound) detector. Note the good baseline variability, with 


long-term and short-term variability. 
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Fig. 2. Fetal heart rate tracing at 10:50 aM. At 10:30 AM an epidural anesthetic had been administered, 
with use of 10 ml of 1.5% mepivacaine. Very satisfactory segmental epidural anesthesia ensued. 
Note there is little or no change in baseline variability. Short-term variability is still present, although 
there may Le a slight decrease in long-term variability. 


1364 Correspondence 


change in fetal heart rate variability. Sample tracings 
from one of the patients are shown in Figs. I and 2. 
Mepivacaine may not decrease fetal heart rate vari- 
ability. l i 

Richard B. Clark, M.D. 
Departments of Anesthesiology and Obsietrics and Gynecology 
University of Arkansas for Medical Sciences 
Slot 515 
4301 W. Markham 
Little Rock, Arkansas 72205 
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Cytogenetic marker 

Hydatidiform mole: cytogenetic marker analysis in twin ges- 

tation (Vejerslev et al). 1986; 155:614-7 
Cytometry 

Flow cytometric deoxyribonucleic acid index: a prognostic 
factor in endometrial carcinoma (Iversen). 1986; 155:770- 
6 


D 


Danazol . 

Danazol binds to progesterone receptors and inhibits the 
growth of human endometrial cancer cells in vitro (Ike- 
gami et al). 1986; 155:857-61 

Death 

Human placental lactogen and unconjugated estriol con- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and sin- 
gle intrauterine fetal death (Trapp et al). 1986; 155: 
1027-31 

Deceleration 

The significance of antepartum variable decelerations (An- 

yaegbunam et al). 1986; 155:707-10 
Decidua 

Evidence of short-loop inhibition of dectdual prolactin syn- 
thesis by decidual proteins: part I (Daly et al). 1986; 
155:358-62 

Evidence of short-loop inhibition of decidual prolactin syn- 


1392 Subject index 


thesis by decidual proteins: part II (Daly et al). 1986; 
155:363-8 
Prostaglandin Es 9-ketoreductase activity in human decidua 
vera tissue {Niesert et al). 1986; 155:1548-52 
Substrate utilization for estrogen synthesis by human fetal 
membranes and decidua (Romano et al}. 1986; 155:1170- 
5 
Dehydroepiandrosterone sulfate 
Hormones and cervical ripening: dehydroepiandrosterone 
sulfate, estradiol, estriol, and progesterone (Zuidema et 
al). 1986; 155:1252-4 
Delivery 
A new technique for flexion of the aftercoming head during 
breech delivery (Myers). 1986; 155:33-4 
Amniotomy and oxytocin treatment of functional dystocia 
and route of delivery (Seitchik et al). 1986; 155:585-92 
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ferol 24-hydroxylase activity and prostaglandin E; for- 
mation (Casey et al). 1986; 155:1272-6 
Responsiveness of human carcinoma cells of gynecologic 
origin to 1,25-dihydroxycholecalciferol (Christopherson 
et al). 1986; 155:1293-6 
Disaturated phosphatidylcholine 
Disaturated phosphatidylcholine as a fetal lung maturity 
test: lack of interference by seminal ejaculate as a con- 


Volume 155 
Number 6 


taminant in vaginally pooled amniotic fluid samples (Tsai 
et al). 1986; 155: 101-2 
Disproportion 
Fetal echocardiography. VI. Assessment of cardiothoracic 
disproportion—a new technique for the diagnosis of tho- 
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1986; 155:228 


E 


Echocardiography 

Echocardiographic left ventricular mass to differentiate 
chronic hypertension from preeclampsia during preg- 
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et al). 1986; 155:1049-51] 

Reimplantation of a human embryo with subsequent 
ovarian pregnancy (Carter and Jacobson). 1986; 155: 
282-3 

Embryo transfer; see also Fertilization 

Programmed oocyte retrieval during routine laparoscopy 
and embryo cryopreservation for later transfer (Frydman 
et al), 1986; 155:112-7 
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Emotional adjustment 
Predicting postnatal emotional adjustment with psychoso- 
cial factors and hormonal measures in early pregnancy 
(Gordon et al). 1986; .155:80-2 
Endocardial fibroelastosis 
Midtrimester diagnosis of endocardial fibroelastosis and 
atrial septal defect: a case report (Ben-Ami et al). 1986; 
155:662-3 
Endocrine system 
Endocrine aspects of human uterine sarcoma: a preliminary 
study Tseng et al). 1986; 155:662-3 
Endocrine system . 
Endocrine aspects of human uterine sarcoma: a preliminary 
study (Tseng et al). 1986; 155:95-101 
Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone release and circulating sex steroid hormone con- 
centrations (Veldhuis et al). 1986; 155:334-9 
Endometrial carcinoma 
CA 125: a useful marker in endometrial carcinoma (Duk et 
al). 1986; 155:1097-102 
Danazol binds to progesterone receptors and inhibits the 
growth of human endometrial cancer cells in vitro (Ike- 
gami et al). 1986; 155:857-61 
Flow cytometric deoxyribonucleic acid index: a prognostic 
factor in endometrial carcinoma (Iversen), 1986; 155:770- 
6 
Para-aortic node biopsy in cervical and endometrial cancers: 
does it affect survival? (Blythe et al) 1986; 155:306-14 


_ Endometriosis 


Experimental evidence for failure to implant as a mecha- 
nism of infertility associated with endometriosis (Hahn et 
- al): 1986; 155:1109-13 
Nonpigmented endometriosis; clinical, laparoscopic; and 
pathologic definition (Jansen and Russell). 1986; 
155:1154-9 
Endometritis 
Increased risk of endometritis and wound infection after 
cesarean section in insulin-dependent diabetic women 
(Diamond et al). 1986; 155:297-30033 
Recovery of Chlamydia trachomatis from the endometrium of 
women at risk for chlamydial infection (Jones et al). 1986; 
155:35-9 
Endometrium; see also Endometrial carcinoma 
Effects of clomiphene citrate on cytosolic estradiol and pro- 
gesterone receptor concentrations in secretory endome- 
trium (Aksel et al). 1986; 155:1219-23 
Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part I (Daly et al). 1986; 
155:358-62 
Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part II (Daly et al). 1986; 
155:363-8 
Recovery of Chlamydia trachomatis from the endometrium of 
women at risk for chlamydial infection (Janes et al). 1986; 
155:35-9 | 
Uterine fluid and prolactin secretion in the ovulating cy- 
nomolgus monkey (Ying et al). 1986; 155:677-80 
Endosonography 
Transabdominal and transvaginal endosonography: evalu- 
ation of the cervix and lower uterine segment in preg- 
nancy (Brown et al). 1986; 155:721-6 
Enterovirus 
Coxsackievirus-positive cervices in women with febrile ill- 
nesses during the third trimester in pregnancy (Reyes et 
al). 1986; 155:159-61 
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Enzymes 
Elevated serum transaminase levels during ritodrine <d- 
ministration (Lotgering et al). 1986; 155:390-2 
Maternal-perinatal outcome associated with the syndrome 
of hemolysis, elevated liver enzymes, and low platelets in 
severe preeclampsia-eclampsia (Sibai et al). 19€6; 
155:501-9 
Epithelium 
The CA 125 assay as a predictor of clinical recurrence in 
epithelial ovarian cancer (Niloff et al). 1986; 155:56-6) 
Localization of an estrogen-responsive protein in the human 
cervix during menstrual cycle, pregnancy, and merno- 
pause and in abnormal cervical epithelia without atypia 
(Ciocca et al). 1986; 155:1090-6 
Errata 
Effect of ritodrine on uteroplacental blood flow and cardiac 
output distribution in unanesthetized pregnant ginza 
pigs. (van de Walle and Martin) (1986;154:189). 1985; 
155:911 
Intrauterine intravascular transfusions for severe red blocd 
cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al) (1986;155:574-81). 1985; 
155:1364 
Estradiol 
Effects of clomiphene citrate on cytosolic estradiol and pr- 
gesterone receptor concentrations in secretory endom2- 
trium (Aksel et al). 1986; 155:1219-23 
Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hoz- 
mone release and circulating sex steroid hormone con- 
centrations (Veldhuis et al). 1986; 155:334-9 
Hormones and cervical ripening: dehydroepiandrosteror e 
sulfate, estradiol, estriol, and progesterone (Zuidema 2t 
al). 1986; 155:1252-4 a oa 
Maternal estradiol response to alterations in uteroplacental 
blood flow (Fritz et al). 1986; 155:1317-25 
Estriol 
Hormones and cervical ripening: dehydroepiandrosterore 
sulfate, estradiol, estriol, and progesterone (Zuidema et 
al). 1986; 155:1252-4 
Human placental lactogen and unconjugated estriol cor- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and single 
intrauterine fetal death (Trapp et al). 1986; 155:1027-31 
Estrogen 
An analysis of the characteristics of the electromyogram 
recorded from the mesometrium in the ovariectomized 
nonpregnant ewe and its similarities with and differences 
from the electromyogram obtained from the myome 
trium: the effect of estrogens (Yarrington et al). 1986; 
155:1160-4 
The effect of estrogen-progestin treatment on opioid corm 
trol of gonadotropin and prolactin secretion in post 
menopausal women (Dawood et al). 1986; 155:1246-51 
Electricaland mechanical uterine activity and gap junctions 
in estrogen-treated oophorectomized sheep (Verhoeff et 
al). 1986; 155:1192-6 
Endocrine aspects of human uterine sarcoma: a preliminar? 
study (Tseng et al). 1986; 155:95-101 
Enhancement of colonization of Ureaplasma urealyticum in 
the mouse genital tract by estrogen treatment (Iwasaka ez 
al). 1986; 155:1124-7 
Estrogen effects on plasma volume, arterial blood pressure 
interstitial space, plasma proteins, and blood viscosity ir 
sheep (Ueda et al). 1986; 155:195-201 i 
Follicle-stimulating hormone and estrogen elevate deoxy 
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~ ribonucleic acid .a-nucleotidyltransferase activity in rela- 
tionship: to deoxyribonucleic acid synthesis in immature 
rat ovaries (Usuki and Shioda). 1986; 155:447-51 
Hypothesis: menstruation is a steroid-regulated, cyclic, au- 
toimmune process (Hertz). 1986; 155:374-5 
Localization of an estrogen-responsive protein in the human 
cervix during menstrual cycle, pregnancy, and meno- 
pause and in abnormal cervical epithelia maou atypia 
(Ciocca et al). 1986; 155: 1090-6 
The relative fatty acid composition of serum lecithin and 
cholesterol ester: influence of an estrogen-progestogen 
regimen in climacteric women (Mattsson et al). 1986; 
155:174-7 | | 
Substrate utilization for estrogen synthesis by human fetal 
membranes and decidua (Romano et al). 1986; 155:1170- 
5 
Ethanol 
The effect of ethanol on the production of lactate triglyc- 
erides, phospholipids, and free fatty acids in the perfused 
human placenta (Rice et al). 1986; 155:207-11 
a-Fetoprotein, human placental lactogen, and pregnancy- 
specific B-glycoprotein in pregnant women who drink: 
relation to fetal alcohol syndrome (Halmesaki et al). 1986; 
598-602 
Exercise | l 
Fetal heart rate responses to maternal exercise (Artal et al). 
1986; 155:729-33 
Extramammary Paget’s disease 
Extramammary Paget's disease of the vulva and anus: use 
of intraoperative frozen-section margins (Stacy et al). 
1986; 155:519-24 
Eye movement 
Functional development of human eye movement in utero 
assessed quantitatively with real-time ultrasound (Inoue 
et al), 1986; 155:170-4 


Facial clefts 
Diagnosis and management of fetal facial clefts (Saltzman 
et al). 1986; 155:377-9 
FACTS l 
Telephone transmission of fetal heart rate monitor data: 
the experience at the University of Connecticut Health 
Center (Vintzileos et al). 1986; 155:630-4 
Fallopian tube 
Adhesion formation and uterine ‘abe healing i in the rabbit: 
a controlled study of the effects of ibuprofen and flur- 
biprofen (Jarrett and Dawood). 1986; 155:1186-92 
Effects of meclofenamate and acetaminophen on abdominal 
pain following tubal occlusion (Huang et al). 1986; 
155:624-9 
Surgical management of distal tubal occlusion (Kitchin ¢ et 
al). 1986; 155: 524-31 


| Fatty acids . 


Dietary fatty acids and platelet thromboxane production in 
puerperal women and their offspring (Kääpä et al). 1986; 
155:146-9 

The effect of ethanol on the production of: lactate triglyc- 
erides, phospholipids, and free fatty acids in the perfused 
human placenta (Rice et al). 1986; 155:207-11 

The relative fatty acid composition of serum lecithin and 
cholesterol. ester: influence of an estrogen-progestogen 
regimen in climacteric women (Mattsson et al). 1986; 
155:174-7 

Febrile iliness 
Coxsackievirus-positive cervices in women with febrile ill- 
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nesses during the third trimester in pregnancy (Reyes et 
al). 1986; 155:159-61 
Femoral] length 

Ultrasonic measurement of fetal anar length i in singleton 

and twin pregnancies (Haines et al). 1986; 155:838-41 
Fertilization; see also Embryo transfer; Infertility 

Effects of cryopreservation on the viability and fertilizability 
of unfertilized hamster oocytes (huong and Coulam). 
1986; 155:1420-5 

Programmed oocyte retrieval during routine laparoscopy 
‘and embryo cryopreservation for later transfer (Frydman 
et.al). 1986; 155:112-7 

Reimplantation of a'human embrvo with subsequent ovar- 
ian pregnancy (Carter and Jacobson). 1986; 155:282-3 

Fetal acid-base balance 

Fetal acid-base balance in low-risk patients i in labor (Inge- 
= marsson and Arulkumaran). 1936; 155:66-9 
Fetal alcohol syndrome 

a-Fetoprotein, human placental lactogen, and pregnancy- 
specific 8,-glycoprotein in pregnant women who drink: 
relation to fetal alcohol syndreme (Halmesmäki et al). 
1986; .155:598-602 

Fetal blood 

Arterial PO, PCO, and pH versus transcutaneous Po, wha 
PCO, and tissue pH in the fetal dog (Abitbol et al). 1986; 
155:437-43 

Fetal blood volume responses to acute fetal hypoxia (Brace). 
1986; 155:889-93 

Have Liley charts outlived their usefulness? (Nicolaides et 
al) 1986; 155:90-4 . 

Intrapartum assessment of fetal well-being: a comparison 
of fetal acoustic stimulation with acid-base determinations 
(Smith et al). 1986; 155:726-8 

Intrapartum fetal surveillance and fetal scalp blood sam- 

_ pling (Bowes) (Letter); (Clark) (Reply). 1986; 155:452 

Modification of maternal and fetal oxygenation with the 
use of tracheal gas infusion (Gleed et al), 1986; 155: 
429-35 - 

Fetal distress 

Amniloinfusion for fetal distress ike et 2) (Letter). 1986; 
155:1361 

Fetal acid-base balance in low-risk patients in labor (Inge- 
marsson and Arulkumaran). 1986; 155:66-9 

Hematologic evidence'of fetal hypoxia among newborn.in- 
fants at high altitude in Bolivia (Ballew and Haas). 1986; 
155:166-9 

Intrauterine intestinal volvulus with hemoperitoneum pre- 
senting as fetal distress at 34 weeks’ gestation (Witter and 
Molteni). 1986; 155:1080-1 

Fetal growth; see also Growth retardation 

Amniotic fluid in baboon pregnancies with normal versus 
growth-retarded fetuses (Brans et al). 1986; 155:216-9 

A cross-sectional study of in utero growth of the above av- 
erage sized fetus (Miller et al). 1986; 155:1052-5 

Efficacy of mathematical methods for ultrasound exami- 
nations in diabetic pregnancies (Rossavik et al). 1986; 
155:638-44 

Identification of the small for gestational age fetus with the 
use of gestational age—independent indices of fetal grow 
(Divon et al). 1986; 155:1197-1201 

Limitations of using maximum vertical pocket and othe: 
sonographic evaluations of amniotic fluid volume to pre- 
dict fetal growth: technical or physiologic? (Bottoms et al) 
1986; 155:154-8 l 

The placental bed biopsy: review from three European cen- 
ters (Robertson et al). 1986; 155:401-12 (Curr. Dev.) 
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Fetal heart rate . oF 

Fetal acoustic stimulation testing. II. A randomized clinical 
comparison with the nonstress test (Smith et al). 1986; 
155:131-4 

Fetal heart rate nionitoring patterns (Poci) (Letter); (Clark 
and Paul) (Reply). 1986; 155:916 

Fetal heart rate responses to maternal exercise (Artal et al). 
1986; 155:729-33 ” l 

The indirectly obtained fetal heart rate: Comparison of first- 


and second-generation electronic fetal monitors (Boehm 


et al). 1986; 155:10-4 
Intrapartum assessment of fetal well-being: a comparison 

of fetal acoustic stimulation with acid-base determinations 
. (Smith et al). 1986; 155:726-8 


The significance of antepartum variable decelerations (An- 


_yaegbunam et al). 1986; 155:707-10 
Stimulation of human fetuses. with sound and vibration 
(Gagnon et al). 1986; 155:848-5] 
Telephone transmission of fetal heart rate monitor data: 
- the experience at the University of Connecticut Health 
Center (Vintzileos et al). 1986; 155:63G-4 
Fetal lung maturity = = 
Clinical and economic considerations associated with testing 
for fetal lung mady (Herbert and PAPERON 1986; 
155:820-3 
Disaturated phosphatidylcholine as a fetal lung matuai 
test: lack of interference by seminal ejaculate as a con- 
taminant in vaginally pooled amniotic fluid samples g sai 
et al). 1986; 155:101-2 ` 
Effect of maternal-fetal disorders on lung maturation. I. 
Diabetes mellitus (Fadel et al). 1986; 155:544-53 
The role of platelet-activating factor in human fetal lung 
maturation (Hoffman et al). 1986; 155:70-5 
Fetal membranes 
CA 125 antigen in human amniotic mid and fetal mem- 
branes (O’Brien et al). 1986; 155:50-5 
Changes in prostaglandin transfer across human fetal mem- 
branes obtained after spontaneous labor (Nakla et al). 
1986; 155:1337-41 
Substrate utilization for estrogen synthesis by human fetal 
membranes and decidua (Romano et al). 1986; 155:1170- 
5 . 
Fetal monitoring l ë 
Electronic’ fetal monitoring (Clark) . (Letter). 1986; 
155:1363-4 
Electronic fetal monitoring as seen throug: the looking glass 
(Goodlin) (Letter); (Paul) (Reply). 1986: 155:454-5 
The indirectly obtained fetal heart rate: comparison of first- 
and second-generation electronic fetal monitors (Boehm 
et al). 1986; 155:10-4 l 
Modification of maternal and fetal oxygenation’ with the 
use of tracheal gas infusion (Gleed et al). 1986; 155: 
429-35 
Fetal-pelvic. index 
The fetal-pelvic index as an indicator of fetal- -pelvic dio: 
portion: a preliminary report (Morgan et al). 1986; 
o 155:608-13 
Feticide 
The role of feticide in the management of severe twin trans- 
fusion syndrome (Wittmann et al). 1986; 155:1023-6 
Fetomaternal hemorrhage 
Assessment of fetomaternal hemorrhage with Kleihauer- 
Betke test (Stonehill and LaFerla) (Letter); (Rose et al) 
(Reply). 1986; 155:1146 
Fetomaternal hemorrhage and fetal outcome (Laube) (Let- 
ter); (Rose et al) (Reply). 1986; 155:917-8 
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Fetoplacental thromboembolism 

A stillbirth with aspirated squamous pearls and fetoplacental 
thromboembolism: a.new finding and reminder of :he 
importance of placental and fetal pathologic conditions 
(Altshuler and Jordan). 1986; 155:106-7 

a-Fetoprotein 

Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) 

«-Fetoprotein, human. placental lactogen, and pregnancy- 
specific B,-glycoprotein in pregnant women who drink: 
relation’ to: fetal alcohol syndrome (Halmesmäki et al). 
1986; 155:598-602 

Maternal serum a-fetoprotein screening and choriocar- 
cinoma (Milunsky and Yeransian) (Letter). 1986; 155: 
1362 

Maternal serum a-fetoprotein screening: low and high val- 
ues for detection of genetic abnormalities (Simpson et al). 
1986; .155:593-7 

Rise in maternal serum a-fetoprotein concentration after 
chorionic villus sampling and the possibility of isomm- 
munization (Blakemore et al). 1986; 155:988-93 

Fetoscopy 

Have Liley charts outlived their usefulness? (Nicolaides et 
al) 1986; 155:90-4 
Fetus 

Advanced abdominal pregnancy associated with fetal pal- 
monary hypoplasia: report of a case (Cartwright et al). 
1986; 155:396-7 

Amniotic fluid in baboon pregnancies with normal. versus 
growth-retarded fetuses (Brans et al). 1986; 155:216-9 

Antenatal diagnosis of fetal seizure activity with use of real- 
time ultrasound (Conover et al). 1986; 155:846-7 

Arterial PO», PCO», and pH versus transcutaneous Po, and 
Pco, and Sate pH in the fetal dog (Abitbol et al). 19&6; 
155:437-43 | 

Capnocytophaga on the fetal surface of the placenta of a pa- 
tient with ruptured membranes at 39 weeks’ gestation 
(Wallace) (Letter). 1986; 155:228-9 

A cross-sectional study of in utero growth of the above ev- 
erage sized fetus (Miller et al). 1986; 155:1052-5 

Diagnosis and management of fetal facial clefts (Saltzman 
et al). 1986; 155:377-9 

Effect of maternal-fetal disorders on jung maturation. I. 
Diabetes mellitus (Fadel et al). 1986; 155:544-53 

Effects of vibratory acoustic stimulation on human fecal ` 
breathing and gross fetal body movements near term 
(Gagnon et al). 1986; 155:1227-30 

Fetal acoustic stimulation testing. II. A randomized clinical 
comparison with the nonstress test (Smith et al). 19&6; 
155:181-4 

Fetal cardiorespiratory changes during spontaneous prea- 
bor uterine contractions in sheep (Llanos et al). 1986; 
155:893-7 . 

Fetal echocardiography. VI. Assessment of cardiothoracic 
disproportion—a new technique for the diagnosis of tho- 
racic hypoplasia (DeVore et al). 1986; 155:1066-71 

The fetal-pelvic index as an indicator of fetal-pelvic dispro- 
portion: a preliminary report (Morgan et al). 1986; 
155:608-13 

Fetomaternal hemorrhage and fetal outcome (Laube) (Let- 

' ter); (Rose et al) (Reply). 1986; 155:917-8 

Functional development of human eye movement in utero 
assessed quantitatively with real-time ultrasound (Inoue 
et al). 1986; 155:170-4 

Hematologic evidence of fetal hypoxia among newborn in- 
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fants at high altitude in Bolivia (Ballew and Haas). 1986; 
155:166-9 

Hemodynamic effects of intravenous cocaine on the preg- 
nant ewe and fetus (Moore et al). 1986; 155:883-8 

Human placental lactogen and unconjugated estriol con- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and single 
intrauterine fetal death (Trapp et al). 1936; 155:1027-31 

Identification of the small for gestational age fetus with the 
use of gestational age~independent indices of fetal growth 
(Divon et al). 1986; 155:1197-120] 

Initiation of oogenesis in the human fetal cvary: ultrastruc- 
tural and squash preparation study (Gondos et al). 1986; 
155:189-95 

Intrapartum assessment of fetal well-being: a comparison 
of fetal acoustic stimulation with acid-base determinations 
(Smith et al). 1986; 155:726-8 

Intrapartum fetal surveillance and fetal scalp blood sam- 
pling (Bowes) (Letter); (Clark) (Reply). 1986; 155:452 

Intrapartum treatment of preeclamptic hypertension by ke- 
tanserin (Hulme and Odendaal). 1986; 155:260-3 

Maternal dietary substrates and human fetal biophysical ac- 
tivity. I. The effects of tryptophan and glucose on fetal 
breathing movements (Devoe et al). 1986; 155:135-40 

Maternal serum a-fetoprotein screening: low and high val- 
ues for detection of genetic abnormalities (Simpson et al). 
1986; 155:593-7 

Modification of maternal and fetal oxygenation with the use 
of tracheal gas infusion (Gleed et al). 1986; 155:429-35 

Nonstress and contraction stress testing of baboon fetuses 
(Brans et al). 1986; 155:435-6 

Pemphigus in pregnancy: a reevaluation of fetal risk (Ross 
et al). 1986; 155:30-3 

Predictive value of ultrasonic targeted imaging for fetal 
anomalies (Arora) (Letter); (Sabbagha) (Reply). 1986; 
155:452 

Present status of intrauterine treatment of hydrocephalus 
and its future (Michejda et al). 1986; 155:873-82 (Curr. 
Dev.) 

Prevention of fetal movement during invasive procedures 
with pancuronium bromide (Seeds et al). 1986; 155:818- 
9 

A stillbirth with aspirated squamous pearls and fetoplacental 
thromboembolism: a new finding and reminder of the 
importance of placental and fetal pathologic conditions 
(Altshuler and Jordan). 1986; 155:106-7 

Stimulation of human fetuses with sound and vibration 
(Gagnon et al). 1986; 155:848-51 

Successful midtrimester thoracentesis with analysis of the 
lymphocyte population in the pleural effusion (Benacer- 
raf et al). 1986; 155:398-9 

Ultrasonic measurement of fetal femoral length in singleton 
and twin pregnancies (Haines et al). 1986; 155:838-41 

Use of a small-gauge needle for intrauterine fetal transfu- 
sions (Barss et al). 1986; 155:1057-8 

The “vanishing twin”: ultrasonographic assessment of fetal 
disappearance in the first trimester (Landy et al). 1986; 
155:14-9 

Fibrinolysis 

Intravenous versus intraperitoneal administration of dex- 
tran in the rabbit: effects of fibrinolysis (Wagaman et al). 
1986; 155:464-70 

Fibroblast 

Modulation of fibroblast proliferation and transformation 
by activated macrophages during postoperative perito- 
neal reepithelialization (Orita et al). 1986; 155:905-11 
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Fibroelastosis 
Midtrimester diagnosis of endocardial fibroelastosis and 
atrial septal defect: a case report (Ben-Ami et al). 1986; 
155:662-3 
Filter 
Use of the Greenfield filter for thromboembolic disease in 
pregnancy (Hux et al). 1986; 155:734-7 
Fistula 
Arteriographic management of uterine arteriovenous fis- 
tula (Brown et al). 1986; 155:491-3 
Flow cytometry 
Flow cytometric deoxyribonucleic acid index: a prognostic 
factor in endometrial carcinoma (Iversen). 1986; 155:770- 
6 
Flurbiprofen 
Adhesion formation and uterine tube healing in the rab- 
bit: a controlled study of the effects of ibuprofen and 
flurbiprofen (Jarrett and Dawood). 1986; 155:1186- 
92 
Follicle-stimulating hormone 
Follicle-stimulating hormone and estrogen elevate deoxy- 
ribonucleic acid a-nucleotidyltransferase activity in rela- 
tionship to deoxyribonucleic acid synthesis in immature 
rat ovaries (Usuki and Shioda). 1986; 155:447-51 
Follicular fluid protein 
Porcine follicular fluid protein(s) inhibit rat ovary granulosa 
cell steroidogenesis (Schreiber and diZerega). 1986; 
155:1281-8 
Forskolin 
Forskolin-stimulated adenylate cyclase activity in fetal and 
adult rabbit myocardial membranes (Hatjis). 1986; 
155:1326-31 
Free fatty acids 
The effect of ethanol on the production of lactate triglyc- 
erides, phospholipids, and free fatty acids in the perfused 
human placenta (Rice et al). 1936; 155:207-11 
Frozen section 
Extramammary Paget's disease of the vulva and anus: use 
of intraoperative frozen-section margins (Stacy et al). 
1986; 155:519-24 
Furosemide 
Acute effects of dihydralazine mesylate, furosemide, and 
metoprolol on maternal hemodynamics in pregnancy-in- 
duced hypertension (Suonio et al). 1986; 155:122-5 
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Gap junctions 

Electrical and mechanical uterine activity and gap junctions 
in estrogen-treated oophorectomized sheep (Verhoeff et 
al). 1986; 155:1192-6 

Gastric inhibitory polypeptide 

Plasma vasoactive intestinal polypeptide, insulin, gastric in- 
hibitory polypeptide, and blood glucose in late pregnancy 
and during and after delivery (Holst et al). 1986; 155:126- 
31 

Genetics 

Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) 

Maternal serum a-fetoprotein screening: low and high val- 
ues for detection of genetic abnormalities (Simpson et al). 
1986; 155:593-7 

Genital herpes 

Acquired immunodeficiency syndrome manifested by 
chronic primary genital herpes (Maier et al). 1986; 
155:756-8 
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Genital lesions; see also Genital tract infection 
Acquired immunodeficiency syndrome manifested by 
chronic primary genital herpes (Maier et al). 1986; 
155:756-8 
Extraperitoneal lymph node dissections with use of a mid- 
line incision in patients with female genital cancer (Gallup 
et al). 1986; 155:559-64 
Human genital papilloma infections: an evaluation of im- 
munologic competence in the genital neoplasia-papilloma 
syndrome (Carson et al), 1986; 155:7&4-9 
Genital tract infection; see also Genital lesions 
Enhancement of colonization of Ureaplesma urealyticum in 
the mouse genital tract by estrogen treatment (Iwasaka et 
al). 1986; 155:1124-7 
Lower genital tract infection with Chlamydia trachomatis and 
Neisseria gonorrhoeae in Icelandic women with salpingitis 
(Magnusson et al). 1986; 155:602-7 
Germ cell neoplasm 
Immunohistochemical localization of human chorionic go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: implications 
for evaluating trophoblastic differentiation in germ cell 
neoplasm (Tuttle et al) (Letter). 1986; 155:686-7 
Gestational diabetes; see Diabetes 
Gestational trophoblastic disease 
Radioimmunoassay of free B-subunit of human chorionic 
gonadotropin as a prognostic test for dersistent tropho- 
blastic disease in molar pregnancy (Khazaeli et al). 1986; 
155:320-4 
Risk factors for gestational trophoblastic neoplasia (Meizner 
et al) (Letter). 1986; 155:456-7 
T-cell subsets and natural killer cell activity in patients with 
gestational trophoblastic neoplasia (Ho et al). 1986; 
155:330-4 
Gestrinone 
Regression of uterine leiomyomas after treatment with ges- 
trinone, an antiestrogen, antiprogesterone (Coutinho et 
al). 1986; 155:761-7 
Gliomatosis peritonei 
Mature solid teratoma associated with gliomatosis peritonei 
(Fanning and Bates). 1986; 155:661-2 
Globulin 
Immunohistochemical localization of human chorionic go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: implications 
for evaluating trophoblastic differentiation in germ cell 
neoplasm (Tuttle et al) (Letter). 1986; 155:686-7 
Glucose; see also Diabetes 
Capillary blood glucose screening for gestational diabetes: 
a preliminary investigation (Landon et al). 1986; 155:717- 
21 
Insulinoma complicating pregnancy: case report and review 
of the literature (Galun et al). 1986; 155:64-5 
A link between relative hypoglycemia-hypoinsulinemia dur- 
ing oral glucose tolerance tests and intrauterine growth 
retardation (Langer et al). 1986; 155:711-6 
Maternal dietary substrates and human fetal biophysical ac- 
tivity. I. The effects of tryptophan and glucose on fetal 
breathing movements (Devoe et al). 1986; 155:135-40 
Plasma vasoactive intestinal polypeptide, insulin, gastric in- 
hibitory polypeptide, and blood glucose in Jate pregnancy 
and during and after delivery (Holst et al). 1986; 155:126- 
3] 
The relationship between capillary and venous glucose con- 
centration during pregnancy (Weiner et al). 1986; 155:61- 
4 
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Subclinical abnormalities of glucose metabolism in subjects 
with previous gestational diabetes (Catalano et al). 1986; 
155:1255-62 

B,-Glycoprotein 

a-Fetoprotein, human placental lactogen, and pregnancy- 
specific B,-glycoprotein in pregnant women who drink: 
relation to fetal alcohol syndrome (Halmesmäki et al). 
1986; 155:598-602 

Glycosylated serum protein 

Glycosylated serum protein level as a screening and diag- 
nostic test for gestational diabetes mellitus (Bourgeois et 
al). 1986; 155:493-6 (Brief rep.) 

Glycyrrhetinic acid 

Possible mechanism of steroid action of the plant herb ex- 
tracts glycyrrhizin, glycyrrhetinic acid, and paeoniflorin: 
inhibition by plant herb extracts of steroid protein bind- 
ing in the rabbit (Tamaya et al). 1986; 155:1134-9 

Glycyrrhizin 

Possible mechanism of steroid action of the plant herb ex- 
tracts glycyrrhizin, glycyrrhetinic acid, and paeoniflorin: 
inhibition by plant herb extracts of steroid protein bind- 
ing in the rabbit (Tamaya et al). 1986; 155:1134-9 

Goiter 

Evidence of cyclic alterations of thyroid size during the men- 
strual cycle in healthy women (Hegediis et al). 1986; 
155:142-5 

Gonadotropin 

Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone release and circulating sex steroid hormone con- 
centrations (Veldhuis et al). 1986; 155:334-9 

The effect of estrogen-progestin treatment on opioid con- 
trol of gonadotropin and prolactin secretion in post- 
menopausal women (Dawood et al). 1986; 155:1246-51 

Human chorionic gonadotropin assay sensitivity on screen- 
ing for ectopic pregnancy (Landesman et al) (Letter); 
(Romero and Kadar) (Reply). 1986; 155:681-4 

Human chorionic gonadotropin reduces aromatizable an- 
drogens and aromatase activity in women stimulated by 
clomiphene citrate and human menopausal gonadotropin 
(Serafini et al), 1986; 155:1236-933 

Immunohistochemical localization of human chorionic go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: implications 
for evaluating trophoblastic differentiation in germ cell 
neoplasm (Tuttle et al) (Letter). 1986; 155:686-7 

Methotrexate inhibition of normal trophoblasts in vitro 
(Sand et al). 1986; 155:324-9 

Progesterone and relaxin secretion in relation to the ultra- 
structure of human luteal cells in culture: effects of hu- 
man chorionic gonadotropin (Schmidt et al). 1986; 
155:1209-19 

Radioimmunoassay of free B-subunit of human chorionic 
gonadotropin as a prognostic test for persistent tropho- 
blastic disease in molar pregnancy (Khazaeli et al). 1986; 
155:320-4 

The rate of increase of serum human chorionic gonadotro- 
pin in normal intrauterine pregnancy (Schwers et al) {Let- 
ter); (Pittaway) (Reply). 1986; 155:225-6 

The value of serial human chorionic gonadotropin testing 
as a diagnostic tool in ectopic pregnancy (Romero et al). 
1986; 155:392-4 

Gonadotropin-releasing hormone 
Triplet pregnancy after low-dose pulsatile gonadotropin- 
releasing hormone in polycystic ovarian disease (Filicori 
et al). 1986; 155:768-9 
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Gonorrhea 
Lower genital tract infection with Chlamydia trachomatis and 
Neisseria gonorrhoeae in Icelandic women with salpingitis 
(Magnusson et al). 1986; 155:602-7 
Personal protection against sexually transmitted diseases 
(Stone et al). 1986; 155:180-8 (Curr. Dev.) 
Gossypol 
Gossvpol and lipid peroxidation (Sheriff et al) (Letter). 
1986; 155:457-8 
Granulosa cell 
Porcine follicular fluid protein(s) inhibit rat ovary granulosa 
cell steroidogenesis (Schreiber and diZerega). 1986; 
155:1281-8 
Great vessels 
Catheterization of the great vessels with use of a guide wire 
(Brand) (Letter). 1986; 155:917 
Greenfield filter 
Use of the Greenfield filter for thromboembolic disease in 
pregnancy (Hux et al). 1986; 155:734-7 
Group B B-hemolytic streptococci 
Prevention of neonatal group B streptococcal sepsis by the 
use of a rapid screening test and selective intrapartum 
chemoprophvlaxis (Morales et al). 1986: 155:979-83 
Growth retardation; see also Fetal growth 
Amniotic fluid in baboon pregnancies with normal ver- 
sus growth-retarded fetuses (Brans et al). 1986; 155: 
216-9 
Human placental lactogen and unconjugated estriol con- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and single 
intrauterine fetal death (Trapp et al). 1986; 155:1027-31 
Limitations of using maximum vertical pocket and other 
sonographic evaluations of amniotic fluid volume to pre- 
dict fetal growth: technical or physiologic? (Bottoms et al) 
1986; 155:154-8 
A link between relative hypoglycemia-hypoinsulinemia dur- 
ing oral glucose tolerance tests and intrauterine growth 
retardation (Langer et al). 1986; 155:711-6 
The placental bed biopsy: review from three European cen- 
ters (Robertson et al). 1986; 155:401-12 (Curr. Dev.) 
Guide wire 
Catheterization of the great vessels with use of a guide wire 
(Brand) (Letter). 1986; 155:917 
Gynecologic anatomy 
Gynecologic anatomy with magnetic resonance imaging 
(McCarthy and Vaquero). 1986; 155:255-9 
Gynecologic surgery 
Intestinal injury in gynecologic surgery: a ten-year experi- 
ence (Krebs). 1986; 155:509-14 
Gynecologic teaching associates 
Student response to gynecologic teaching associates (Beck- 
mann et al). 1986; 155:301-6 


H 


HCG; see Gonadotropin 
Heart rate; see Fetal heart rate 
HELLP syndrome 
Maternal-perinatal outcome associated with the syndrome 
of hemolysis, elevated liver enzymes, and low platelets in 
severe preeclampsia-eclampsia (Sibai et al). 1986; 
155:501-9 
Hemodynamics 
Acute effects of dihydralazine mesylate, furosemide, and 
metoprolol on maternal hemodynamics in pregnancy-in- 
duced hypertension (Suonio et al). 1986; 155:122-5 
Experimental! hypertension in pregnant sheep. III. Central 


Subject index 1399 


hemodynamic alterations in the one-kidney model 
(Khoury et al). 1986; 155:1231-6 

Fetal cardiorespiratory changes during spontaneous prela- 
bor uterine contractions in sheep (Llanos et al). 1986; 
155:893-7 

Hematologic evidence of fetal hypoxia among newborn in- 
fants at high altitude in Bolivia (Ballew and Haas). 1986; 
155:166-9 

Hemodynamic effects of caval and uterine venous occlusion 
in pregnant sheep (Lotgering and Wallenburg). 1986; 
155:1164-70 

Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 
itoring during the peripartum period (Lee et al). 1986; 
155:999-1001 

Hemolysis 

Intrauterine intravascular transfusions for severe red blood 
cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 

Maternal-perinatal outcome associated with the syndrome 
of hemolysis, elevated liver enzymes, and low platelets in 
severe preeclampsia-eclampsia (Sibai et al). 1986; 
155:501-9 

Hemoperitoneum 

Intrauterine intestinal volvulus with hemoperitoneum pre- 
senting as fetal distress at 34 weeks’ gestation (Witter and 
Molteni). 1986; 155:1080-1 

Hemorrhage 

Assessment of fetomaternal hemorrhage with Kleihauer- 
Betke test (Stonehill and LaFerla) (Letter); (Rose et al) 
(Reply). 1986; 155:1146 

Fetomaternal hemorrhage and fetal outcome (Laube) (Let- 
ter); (Rose et al) (Reply). 1986; 155:917-8 

Maternal hemorrhage into the amniotic sac producing an 
apparent umbilical cord mass on sonogram (Witter and 
Sanders). 1986; 155:649-5] 

Motor and cognitive development of infants with intraven- 
tricular hemorrhage, ventriculomegaly, or periventricular 
parenchymal lesions (Low et al. 1986; 155:750-6 

Heparin 

Protein S deficiency in pregnancy (Rose et al). 1986; 
155:140-1 

Pulsatile heparin administration in pregnancy: a new ap- 
proach (Hahn). 1986; 155:283-7 

Herb extracts 

Possible mechanism of steroid action of the plant herb ex- 
tracts glycyrrhizin, glycyrrhetinic acid, and paeoniflorin: 
inhibition by plant herb extracts of steroid protein bind- 
ing in the rabbit (Tamaya et al). 1986; 155:1134-9 

Hernia 

In utero treatment of a fetus with diaphragmatic hernia 
complicated by hydrops (Benacerraf and Frigoletto). 
1986; 155:817-8 

Herpes 

Acquired immunodeficiency svndrome manifested by 
chronic primary genital herpes (Maier et al). 1986; 
155:756-8 

Attack rate for neonatal herpesvirus (Amsley) (Letter); 
(Hankins) (Reply). 1986; 155:229-30 

Failure of ibuprofen in treatment of herpes genitalis (Milch 
et al). 1986; 155:399-400 

Hormone replacement therapy 

Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone concentrations (Veldhuis et al). 1986; 155:334-9 

Oral contraception and hormone replacement therapy: are 


1400 Subject index 


progestogens and progestins breast mitogens? (Vorherr) 
(Letter) 1986; 155:1140-2 
Hospital records 

Missing hospital records: a confounding variable in retro- 

spective studies (Westgren et al). 1986; 155:269-7] 
Human chorionic gonadotropin; see Gonadotropin 
Human T-cell lymphotropic virus type III 

Acquired immunodeficiency syndrome: epidemiology and 
significance for the obstetrician and gynecologist (Weber 
et al). 1986; 155:235-40 (Clin. Opinion) 

Acquired immunodeficiency syndrome manifested by 
chronic primary genital herpes (Maier et al). 1986: 
155:846-7 

Hybridoma 

Myosin detection in human myometrium with a monoclonal 

antibody (Neveu et al). 1986; 155:&52-7 
Hydatidiform mole 

Hydatidiform mole: cytogenetic marker analysis in twin ges- 

tation (Vejerslev et al). 1986; 155:614-7 
Hydrocephalus 

Present status of intrauterine treatment of hydrocephalus 
and its future (Michejda et al). 1986; 155:873-82 (Curr. 
Dev.) 

Hydrops 

In utero treatment of a fetus with diaphragmatic hernia 
complicated by hydrops (Benacerraf and Frigoletto). 
1986; 155:817-8 

Nonimmune hydrops fetalis: clinical experience and factors 
related to a poor outcome (Castillo et al). 1986; 155:812- 
6 ; 

25-Hydroxycholecalciferol 

Response of human amnion cells in culture to 1,25-diby- 
droxycholecalciferol: increased 25-hydroxycholecalci- 
ferol 24-hydroxylase activity and prostaglandin E, for- 
mation (Casey et al). 1986; 155:1272-6 

Hyperaldosteronism 

Primary hyperaldosteronism in pregnancy (Lotgering et al). 

1986; 155:986-8 
Hyperbilirubinemia 

Serum vitamin E status in infants with neonatal hyperbili- 
rubinemia (Sheriff et al) (Letter); (Marx) (Reply). 1986; 
155:1142-3 

Hyperglycemia; see also Diabetes 

Arachidonic acid prevents hyperglycemia-associated yolk 
sac damage and embryopathy (Pinter et al). 1986; 
155:691-702 

Hyperosmolality 

Renal effects of ovine fetal arginine vasopressin secretion 
in response to maternal hyperosmolality (Ervin et al). 
1986; 155:1341-7 

Hypertension 

Acute effects of dihydralazine mesylate, furosemide, and 
metoprolol on maternal hemodynamics in pregnancy-in- 
duced hypertension (Suonio et al). 1986; 155:122-5 

Echocardiographic left ventricular mass to differentiate 
chronic hypertension from preeclampsia during preg- 
nancy (Thompson et al). 1986; 155:994-9 

The effect of carbohydrate overfeeding on blood pressure 
in the pregnant, spontaneously hypertensive rat (Ahokas 
et al). 1986; 155:1113-8 

Elective repeat cesarean delivery and persistent pulmonary 
hypertension of the newborn (Sulyok and Csaba) (Letter); 
(Heritage and Cunningham) (Reply). 1986; 155:687-8 

Experimental hypertension in pregnant sheep. III. Central 
hemodynamic alterations in the one-kidney model 
(Khoury et al). 1986; 155:1231-6 
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Intrapartum treatment of preeclamptic hypertension by ke- 
tanserin (Hulme and Odendaal). 1986; 155:260-3 
Pregnancy-induced hypertension: development of a model 
in the pregnant sheep (Thatcher and Keith). 1986; 
155:201-7 
Vasopressor activity in incubated plasma of normal and hy- 
pertensive pregnant women (Yoshimura et al). 1986; 
155:162-5 
Hypoglycemia 
Insulinoma complicating pregnancy: case report and review 
of the literature (Galun et al). 1986; 155:64-5 
A link between relative hypoglycemia-hypoinsulinemia cur- 
ing oral glucose tolerance tests and intrauterine growth 
retardation (Langer et al). 1986; 155:711-6 
Hypokalemia 
Chayote (Sechium edule) causing hypokalemia in pregnancy 
(Jensen and Lai). 1986; 155:1048-9 
Hypoplasia 
Advanced abdominal pregnancy associated with fetal pul- 
monary hypoplasia: report of a case (Cartwright et al). 
1986; 155:396-7 
Fetal echocardiography. VI. Assessment of cardiothorécic 
disproportion-——a new technique for the diagnosis of tho- 
racic hypoplasia (DeVore et al). 1986; 155:1066-71 
Hypothalamic-pituitary axis 
Acute modulation of the hypothalamic-pituitary axis by in- 
travenous testosterone in normal women (Serafini et al). 
1986; 155:1288-92 
Hypoxemia 
Plasma adrenocorticotropic hormone and cortisol and ad- 
renal blood flow during sustained hypoxemia in fetal 
sheep (Challis et al). 1986; 155:1332-6 
Hypoxia; see also Fetal heart rate 
Fetal blood volume responses to acute fetal hypoxia (Bracs). 
1986; 155:889-93 
Hematologic evidence of fetal hypoxia among newborn tn- 
fants at high altitude in Bolivia (Ballew and Haas). 19&6; 
155:166-9 
Modification of maternal and fetal oxygenation with the use 
of tracheal gas infusion (Gleed et al). 1986; 155:429-35 
Sclerema neonatorum and joint contractures at birth as a 
potential complication of chronic in utero hypoxia (Mol- 
teni and Ames). 1986; 155:380-1 
Hysterectomy 
Radical hysterectomy as therapy for early carcinoma of the 
cervix (Creasman et al). 1986; 155:964-9 
Volume reduction of the uterus during and soon after hys- 
terectomy (Ranney and Leonardson). 1986; 155:354-7 
Hysteroscopy 
Operative hysteroscopy under real-time ultrasonography 
(Shalev and Zuckerman) (Letter). 1986; 155:1360-1 


I 


Iatrogenic trauma 
Iatrogenic ureteral injury: aggressive or conservative trea:- 
ment (Witters et al). 1986; 155:582-4 
Ibuprofen 
Adhesion formation and uterine tube healing in the rab- 
bit: a controlled study of the effects of ibuprofen and 
flurbiprofen (Jarrett and Dawood). 1986; 155:1186- 
92 


Failure of ibuprofen in treatment of herpes genitalis (Milca 
et al). 1986; 155:399-400 
Ileal conduit 
Urinary diversion with use of ileal and sigmoid conduits 
_ (Stanhope et al). 1986; 155:288-92 
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Immunchistochemistry 
Immunohistochemical localization of human chorionic go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: implications 
for evaluating trophoblastic differentiation in germ cell 
neoplasm (Tuttle et al) (Letter). 1986; 155:686-7 
Immunology; see also Acquired immunodeficiency syndrome 
Human genital papilloma infections: an evaluation of im- 
munologic competence in the genital neoplasta-papilloma 
syndrome (Carson et al). 1986; 155:784-9 
Immunologic factors contributing to the initiation of la- 
bor—lymphocyte reactivity in term labor and threat- 
ened preterm delivery (Szekeres-Bartho et al). 1986; 155: 
108-12 
Implantation 
Experimental evidence for failure to implant as a mecha- 
nism of infertility associated with endometriosis (Hahn et 
al). 1986; 155:1109-13 
In situ carcinoma 
Recurrent carcinoma in situ of the vulva in a skin graft (Cox 
et al). 1986; 155:177-9 l 
In utero growth; see Fetal growth 
In vitro fertilization; see Fertilization 
Incision 
Extraperitoneal lymph node dissections with use of a mid- 
line incision in patients with female genital cancer (Gallup 
et al). 1986; 155:559-64 
Incontinence 
Reduction of urethral pressure in response to stress: rela- 
tionship to urethral mobility (Richardson). 1986; 155:20- 
5 l 
Urethral axis and sphincteric function (Fantl et al). 1986; 
155:554-8 
Value of the cough pressure profile in the evaluation of 
patients with stress incontinence (Richardson). 1986; 
155:808-11 
Indomethacin 
Neonatal outcome after indomethacin treatment for pre- 
term labor (Niebyl and Witter). 1986; 155:747-9 
Infarction 
Acute myocardial infarction in the puer perium in patients 
receiving bromocriptine (Iffy et al). 1986; 155:371-2 
Pregnancy in a patient with a history of myocardial infarc- 
tion and coronary artery bypass grafting (Chestnut et al). 
1986; 155:372-3 
Infection 
Coxsackievirus- -positive cervices in women with febrile ill- 
nesses during the third trimester in pregnancy (Reyes et 
al). 1986; 155:159-61 
Enhancement of colonization of Ureaplasma urealyticum in 
the mouse genital tract by estrogen treatment (Iwasaka et 
al). 1986; 155:1124-7 
Human genital papilloma infections: an evaluation of im- 
munologic competence in the genital neoplasia-papilloma 
syndrome (Carson et al). 1986; 155:784-9 
Increased risk of endometritis and wound infection after 
cesarean section in insulin-dependent diabetic women 
- {Diamond et al). 1986; 155:297-300 
Induction of subcutaneous and intraperitoneal abscesses i in 
mice by Netsserta gonorrhoeae and Bacteroides species 
(Brook). 1986; 155:424-9 
Infected mullerian anomaly: an unusual cause of pelvic ab- 
scess during pregnancy (Orr et al). 1986; 155:368-70 
Lower genital tract infection with Chlamydia trachomatis and 
Neisseria gonorrhoeae in Icelandic women with salpingitis 
(Magnússon et al). 1986; 155:602-7 
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Predicting acute pelvic inflammatory disease: a multivariate 
analysis (Hadgu et al). 1986; 155:354-60 
Prevention of neonatal group B streptococcal sepsis by the 
use of a rapid screening test and selective intrapar- 
tum chemoprophylaxis (Morales et al). 1986; 155:979- 
83 
Recovery of Chlamydia trachomatis frem the endometrium of 
women at risk for chlamydial infection (Jones et al). 1986; 
155:35-9 
Infertility; see also Fertilization 
Experimental evidence for failure zo implant as a mecha- 
nism of infertility associated with endometriosis (Hahn et 
. al). 1986; 155:1109-13 
Factors affecting pregnancy rates in a donor insemination 
program using frozen semen (Hammond et al). 1986; 
155:480-5 . 
Programmed oocyte retrieval during routine laparoscopy 
and embryo cryopreservation for later transfer (Frydman 
et al). 1986; 155:112-7 
Recovery of Chlamydia trachomatis from the endometrium of 
women at risk for chlamydial infection (Jones et al). 1986; 
155:35-9 
Infusion pump 
Pulsatile heparin administration in pregnancy: a new ap- 
proach (Hahn). 1986; 155:283-7 
Insemination; see also Fertilization 
Factors affecting pregnancy rates in a donor insemination 
program using frozen semen (Hammond et al). 1986; 
155:480-5 
Insulin; see also Diabetes 


Increased risk of endometritis and wound infection after ° 


cesarean section in insulin-dependent diabetic women 
‘(Diamond et al). 1986; 155:297-300 
Oral contraceptives and insulin receptor binding in normal 
women and those with previous gestational diabetes 
(Skouby et al). 1986; 155:802-7 
Plasma vasoactive intestinal polypeptide, insulin, gastric in- 
hibitory polypeptide, and blood glucose in late pregnancy 
and during and after delivery (Holst et al). 1986; 155:126- 
31 
Pregnancy outcome in patients with insulin-dependent di- 
abetes mellitus with preconceptional diabetic control: a 
comparative study (Goldman et al). 1986; 155:293-7 
Insulinoma 
Insulinoma complicating pregnancy: case report and review 
of the literature (Galun et al). 1986; 155:64-5 
Interferon 
Tubuloreticular inclusions in placental chorionic villi of-rhe- 
sus monkeys after maternal treatment with interferon 
(Feldman et al). 1986; 155:415-24 
Interstitial space 
Estrogen effects on plasma volume, arterial blood pressure, 
interstitial space, plasma proteins, and blood viscosity in 
_ sheep (Ueda et al). 1986; 155:195-201 
Intestinal i injury 
Intestinal injury in gynecologic surgery: a ten-year experi- 
ence (Krebs). 1986; 155:509-14 
Intestinal polypeptide 
Plasma vasoactive intestinal polypeptide, insulin, gastric in- 
hibitory polypeptide, and blood glucose in late pregnancy 
and during and after delivery (Holst et al). 1986; 155:126- 
31 
Intestinal volvulus 
Intrauterine intestinal volvulus with hemoperitoneum pre- 
senting as fetal distress at 34 weeks’ gestation (Witter and 
Molteni). 1986; 155:1080-1 
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Intractable dyemenortlies 

An unusual cause of intractable secondary dysmenorrhea 
(Fliegner). 1986; 155:1058-9 

intraepithelial neoplasia 

A comparison between laser excisional conization and laser 
vaporization for the treatment of cervical intraepithelial 

‘neoplasia (Baggish). 1986; 155:39-44 
Intrapartum assessment; see also Fetal blood 

Intrapartum assessment of fetal well-being: a comparison 
of fetal acoustic stimulation with acid-base determinations 
(Smith et al). 1986; 155:726-8 - 

Intrapartum fetal surveillance and fetal scalp blood sam- 
_ pling (Bowes) (Letter); (Clark) (Reply). 1986; 155:452 

Intrapartum chemoprophylaxis 

Prevention of neonatal group B streptococcal sepsis by die 
use of a rapid screening test and selective intrapartum 
chemoprophylaxis (Morales et a 1986; 155:979-83 

Intrapartum management 

Intrapartum management of second twin: internal podalic 
version with unruptured membranes (Rabinovici et al.) 
_ (Letter); (Olofsson and Rydhstrém) (Reply). 1986; 

. 155:914-5 

Present status of intrauterine treatment of hydrocephalus 
and its future (Michejda et al). 1986; a 873-82 (Curr. 
Dev.) 

Intraperitoneal abscess 

Induction of subcutaneous and intraperitoneal abscesses in 
mice by Neisseria gonorrhoeae and Bacteroides species 
(Brook). 1986; 155:424-9 

Intraperitoneal administration 

Intravenous versus intraperitoneal administration of dex- 
tran in the rabbit: effects of abringiyes (Wagaman et al). 
1986; 155:464-70 

Intrauterine death | 

Human placental lactogen and unconjugated estriol con- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and single 

_ intrauterine fetal death (Trapp et al). 1986; 155:1027-31 
Intrauterine device 

Intrauterine contraceptive devices (Patai) (Letter); (Keith) 

(Reply). 1986; 155:912 
Intrauterine growth retardation; see Growth retardation 
Intrauterine transfusion _ 

Intrauterine intravascular transfusions for severe red blood 
cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 

Use of a small-gauge needle for intrauterine fetal transfu- 
sions (Barss et al). 1986; 155:1057-8 

Intrauterine treatment; see Intrapartum management 
Intravascular infusion 

Effect of fetal and maternal ecu antipyrine infu- 
sion on maternal plasma prostaglandin concentrations in 
the pregnant sheep at 104 to 127 days’ gestation (Pimentel 
et al). 1986; 155:1181-5 

Intravascular transfusion 

Intrauterine intravascular transfusions tor severe red blood 
cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 

Intravenous administration 

Intravenous versus intraperitoneal administration of dex- 
tran in the rabbit: effects of fibrinolysis (Wagaman et al). 
1986; 155:464-70 

Intraventricular hemorrhage. 

Motor and cognitive development.of infants with intraven- 
tricular hemorrhage, ventriculomegaly, or periventricular 
parenchymal lesions (Low et al). 1986; 155:750-6 


December 1986 
Am J Obstet Gsnecol 


Isobuty! # evariactyiate 

Uterine arteriovenous malformation successfully embclized 
with a liquid polymer, isobutyl 2-cyanoacrylate (Markoff 
et al). 1986; 155:659-60 

Isoimmunization 

Have Liley charts outlived their usefulness? (Nicolaides et 
al) 1986; 155:90-4 

Intrauterine intravascular transfusions for severe red tlood 
cell tsotmmunization: ultrasound-guided percutanzous 
approach (Berkowitz et al). 1986; 155:574-8] 

Rise in maternal serum a-fetoprotein concentration after 
chorionic villus sampling and the possibility of isoim- 
munization (Blakemore et al). 1986; 155:988-93 

Items 
Items, 1986; 155:234, 460, 690, 920, 1148, 1366 


J 


Joint contractures 
Sclerema neonatorum and joint contractures at birth as a 
potential complication of chronic in utero hypoxia (Mol- 
teni and Ames). 1986; 155:380-1 


K. 


Kell sensitization 
Kell sensitization in pregnancy (Bowman) iied: (Czine 
and Mueller-Heubach) (Reply). 1986; 155:912-4 
Ketanserin l `. 
Intrapartum treatment of preeclamptic hypertension by ke- 
tanserin (Hulme and Odendaal). 1986; 155:260-3 
9-Ketoreductase , 
Prostaglandin E; 9-ketoreductase activity in nia decicua 
vera tissue (Niesert et al). 1986; 155:1348-52 
Kidney ` 
Experimental hypertension in pregnant sheep. HI. Central 
hemodynamic alterations in the one-kidney model 
(Khoury etal), 1986; 155:1231-6 
Renal effects of ovine fetal arginine vasopressin secretion 
in response to maternal hyperosmolality (Ervin et al). 
1986; 155:1341-7 
Kleihauer-Betke test 
Assessment of fetomaternal hemorrhage with Kleihauer- 
Betke test (Stonehill and LaFerla) (Letter); (Rose et al) 
(Reply). 1986; 155:1146 


L 


Labor 
Changes in prostaglandin transfer across human fetal mera- 
branes obtained after spontaneous labor (Nakla et aj). 
1986; 155:1337-41, 
Emergent cesarean delivery in patients undergoing a tril 
of labor with a transverse lower-segment scar (Finley ard 
Gibbs). 1986; 155:936-9 
Fetal acid-base balance in low-risk patients in 1 labor (Inge- 
marsson and Arulkumaran). 1986; 155:66-9 
Immunologic factors contributing to the initiation of la- 
bor—lymphocyte reactivity in term labor and threa: 
ened preterm delivery ae lea et al). 1986; 155: 
108-12 
Neonatal outcome after doniedaain treatment for pre- 
term labor (Niebyl and Witter). 1986; 155:747-9 
Other aspects of the role of C-reactive protein during preg- 
nancy and labor (Kelemen et al) (Letter). 1986; 155:231 
2 i ; 
Paraplegia and quadriplegia: special considerations during 

pregnancy and labor and delivery (Greenspoon and Paul}. 

1986; 155:738-41 (Clin. Opinion) 


Volume 155 
Number 6 


The preterm cervix and preterm labor: relative risks, pre- 
dictive values, and change-over time- (rents et a: 1986; 
155:829-34; 


Proportional weight gain and ann of pregnancy, 


labor, and delivery in healthy women of normal prepreg- 
nant stature (Shepard et al). 1986; 155: 947-54 ° 


Use of ritodrine, terbutaline, and magnesium sulfate in pre- 
term labor (Caritis) (Letter); (Beall and ra eR: 


1986; 155:1357 
Women's acceptance of a preterm birth.prevention program 
(Papiernik et al), 1986; 155: 939-46 ` 
Lactate 
The effect. of ethanol on the production of lactate triglyc- 


erides, phospholipids, and free fatty acids in the perfused 


human placenta (Rice et al). 1986; 155:207-11 
Lactogen 
a-Fetoprotein, human placental lactogen, ‘and pregnancy- 


specific Bj-glycoprotein in pregnant women who drink: 


relation to fetal alcohol enone (Halmesmaki et ay) 
1986; 155:598-602 


Human placental lactogen and sane estriol con- | 


centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and sin- 
gle intrauterine fetal pean (Trapp ‘et al). 1986; 155; 
1027-31 
Immunohistochemical localization of human eani go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: implications 
for evaluating trophoblastic differentiation in germ cell 
neoplasm (Tuttle et al) eae 1986; 155:686-7 
Laparoscopy 
Intestinal injury in gynecologic surgery: a ten-year experi- 
ence (Krebs). 1986; 155:509-14 
Programmed oocyte retrieval during routine laparascopy 
and embryo cryopreservation for later transfer ( Frydman 
et al). 1986; 155: 112- 7 
Laser ° 
A-comparison between laser excisional conization and laser 
vaporization for the treatment of cervical. intraepithelial 
neoplasia (Baggish). 1986; 155: Nose 44 : 
Lead 14 
Lead and cadmium concentrations in maternal and anbi 
"ical cord ‘blood, amniotic fluid, placenta, and amniotic 
membranes (Korpela etal): 1986; 155: 1086- 9 
Lecithin 
The relative fatty acid. composition of serum lecithin and 
cholesterol ester:. influence of an estrogen-progestogen 


regimen in ‘climacteric women (Maussan et al). 1986; 


155:174-7 
Left ventricle | 
Echocardiographic left PERE mass to differentiate 


chronic hypertension from preeclampsia during preg- 


nancy (Thompson et t al). 1986; 155:994-9 
Leiomyoma © 
Regression of uterine icles aan after treatment with ges- 


trinone, an antiestrogen, antiprogesterone (ouuo © et 


al). 1986; 155: 761- T” 
Letters ` 


‘Letters. 1986; 155:225-32, 452-8, 681-8, 912-8, 1140-7, 


- 1357-64 ` 
Leukotrienes 
Amniotic fuid embolism and leukotrienes (Azegami and 
. Mori). 1986; 155211.19-24 
Lie : 
Use of the terms position, presentation, and lie (Reamy) 
(Eerten; (Hughey} SERD 1986; 155:918 


Subject index 1403 


Liley chart i 

Have Liley charts outlived their use! fulness? (Nicolaides et 
al) 1986; 155:90-4 

Limb reduction deformity 

' “Congenital limb reduction deformities and use of oral con- 
traceptives (Kricker et al). 1986; 155:1072-8 

Linear analog scale - 

. Premenstrual syndrome: iunea by a linear analog 
scale’ compared with two descriptive scales (Casper and 
Powell). 1986; 155:862-7 

Lipid peroxidation 

Gossypol and lipid peroxidation (Sheriff et e (Letter). 
1986; 155:457-8 

_ Lipoid cell tumor 

Computer ized tomography in cases of lipoid cell tumor 
causing virilization (Grunert) (Letter); (Zarate) (Reply). 
1986; 155:684-5 

Litigation 

Obstetric mules actice litigation: the pathologist's view (Tow- 
bin). 1986; 155:927-35 (Clin. Opinion) 

Liver enzymes i 

Maternal-perinatal outcome associated with the syndrome 
of hemolysis, elevated liver enzymes, and low platelets in 

‘severe preeclampsia-eclampsia  (Sibai et al). 1986; 
155:501-9 

Lower uterine segment 

Transabdominal and transvaginal endosonography: evalu- 
ation of the cervix and lower uterine segment in preg- 
nancy (Brown et al). 1986; 155:721-6 

Lung maturation; see Fetal iag maturity 

Luteal cells 

Progesterone and relaxin secretion in relation to the ultra- 

' structure of human luteal cells in culture: effects of hu- 
man ¢horionic gonadotropin ‘Schmidt et al). 1986; 
155:1209-19 

Luteal phase : 

The primary treatment of luteal phase inadequacy: pro- 
gesterone versus clomiphene citrate (Huang). 1986; 
155:824-8 i 

Lymph node 

Extraperitoneal lymph joie dissections with use of a mid- 
line incision in patients with female gauia cancer (Gallup 
et al). 1986; 155:559-64 

Lymph node metastasis in cancer of the cervix: a piin: 

* nary report (To etal). 1986; 155:388-9 $ a 

Lymph node metastasis of ovarian cancer: a preliminary 
„survey of 74 cases.of y mphadenenomy (Wu et a 1986; 
155:1103-8 

Pelvic lymphadenectomy i in ep auNe treatment of o ovarian 
cancer 

Para-aortic node biopsy in cervical and endometrial can- 
cers: does it-affect. survival? (Blythe: et a 1986; aoe 
306-14 : > 

_ Pelvic lymphadenectomy i in operative treatment of ovarian 
cancer (Burghardt et al). 1986; 155:315-9 

Lymphadenectomy 

Pelvic. lymphadenectomy in operative treatment of ovarian 
cancer (Burghardt et al). 1986; 155:315-9 

Lymphocyte 

Immunologic factors contributing to “ihe initiation of la- 
bor—lymphocyte reactivity in term labor and threat- 
ened preterm delivery (Szekeres- Bartho el al). 1986; 155: 
108-12 

Successful meer thoracentesis with analysis of the 
lymphocyte population in the pleural effusion (Benacer- 
raf et al). 1986; 155:398-9 — 


1404 Subject index 


? 


Lysis of adhesions 
Intestinal injury in gynecologic surgery: a ten-year experi- 
ence (Krebs). 1986; 155:509-14 


M 


Macrophage 

A macrophage defect in women with recurrent Candida vag- 
initis and its réversal-in vitro by prostaglandin inhibitors 
. (Witkin’ et al). 1986; 155:790-5 : 

Modulation of fibroblast proliferation and transforma- 
tion by activated macrophages during ‘postoperative 
peritoneal reepithelialization oe et al). 1986; 155: 
905-11 - 

Magnesium sulfate 

Evaluation by computerized aal tomography of eclamptic 
women with ‘seizures refractory to magnesium sulfate 
therapy (Dunn et al). 1986; 155:267-8 

Use of ritodrine, terbutaline, and magnesium sulfate in pre- 
term labor (Caritis) (Letter); (Beall and Paul) (Reply). 
1986; 155:1357 

Magnetic resonance imaging 

Gynecologic anatomy with magnetic resonance imaging 
(McCarthy and Vaquero). 1986; 155:255-9 

Magnetic resonance imaging and ultrasonography in the 
antenatal evaluation of conjoined twins (Turner et al). 
1986; 155:645-9 

Malformation ` 

Arachidonic.acid prevents hyperglycemia-associated yolk 
sac damage and embryopathy (Pinter et al). 1986; 
155:691-702 

Artériographic management of uterine arteriovenous fis- 
tula (Brown et al). 1986; 491-3 

Congenital ‘absence of the umbilical cord resulting from 
maldevelopment of embryonic body folding aon 
et al). 1986; 155:1049-51 

Prenatal diagnosis of craniofacial malformations with ultra- 
sonography (Pilu et al). 1986; 155:45-50 

Uterine arteriovenous malformation successfully embolized 
with a liquid polymer, isobutyl 2-cyanoacrylate (Markoff 
et al). 1986; 155:659-60 

Malignancy; see also Carcinoma; Neoplasia 

Computed tomography in evaluation of gynecologic malig- 
naricies: a retrospective analysis (King et al). 1986; 
155:960-4 

Prognostic value of peritoneal washings in patients with ma- 
lignant mixed’ miillerian tumors of the uterus (Geszler et 
al). 1986; 155:83-9 

Malpractice litigation | 

Obstetric malpractice litigation: the pathologist’s view (‘Tow- 

bin). 1986; 155:927-35 (Clin. Open) 

Markers; see Tumor marker l 

Mastectomy 

' Bilateral breast cancer: the frequency of un diagnosed can- 
‘cers (Beller et al). 1986; 155:247-55 

Maternal circulation 

Acute effects of ‘dihydralazine mesylate, furosemide, and 
metoprolol on maternal hemodynamics in pregnancy-in- 
ducéd hypertension (Suonio et al). 1986; 155:122-5 

Lead and cadmium concentrations in maternal and umbil- 
ical cord blood, amniotic fluid, placenta, and amniotic 
membranes (Korpela et al). 1986; 155:10&6-9 

Maternal hemorrhage into the amniotic sac producing an 
‘apparent umbilical cord mass on sonogram (Witter and 
Sanders). 1986; 155:649-51 

Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 


December 1986 
Am J Obstet Gynecol 


itoring during the peripartum period (Lee et al). 1986; 
155:999-1001 ` 
A unique case of abdominal pregnancy: what are the min- 
imal requirements for placental contact with the maternal 
vascular bed? (Norén and Lindblom) 1986; 155: 394- 6 
Maternal diet 
Maternal dietary substrates and human fetal biophysical ac- 
tivity. I. The effects of tryptophan and glucose on fetal 
breathing movements (Devoe et al). 1986; 155: 139- 40 
Maternal drinking 
a-Fetoprotein, human placental lactogen, and pregnancy- 
specific B,-glycoprotein in pregnant women who drink: 
relation to fetal alcohol syndrome one et al). 
1986; 155:598-602 
Maternal exercise ` 
_ Fetal heart rate‘responses to maternal exercise (Artal et al). 
1986; 155:729-33 
Maternal ingestion 
Maternal ingestion of acetylsalicylic acid inhibits fetal and 
neonatal prostacyclin and thromboxane in humans (Yb- 
korkala et al). 1986; 155: 345-9 
Maternal interferon 
Tubuloreticular inclusions in placental chorionic villi of rhe- 
sus monkeys after maternal treatment with interferon 
(Feldman et al). 1986; 155:413-24 
Maternal oxygenation | 
Modification of maternal and fetal oxygenation with the 
use of tracheal gas infusion (Gleed et al). 1986; 155: 
429-35 
Maternal serum aeaoprateln 
Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) — 
Maternal serum a-fetoprotein screening: low and high val- 
ues for detection of genetic abnormalities (Simpson « et al). 
1986; 155:593-7 
Rise in maternal serum a-fetoprotein concentration after 
chorionic villus sampling and the possibility of tsoim- 
munization (Blakemore et al). 1986; 155:988-93 
Maternal weight 
Maternal serum a-fetoprotein screening, maternal weight, 
` and detection efficiency (Maci et al). 1986; 155:758-60 
Maturation 
Brain stem evoked response and neonatal neurological mat- 
uration (Hadi) (Letter); (Diven and Kelly) a 1986; 
155:452-4 
Maximum vertical pocket 
Limitations of using maximum vertical pocket and other 
sonographic evaluations of amniotic fluid volume to pre- 
dict feta! growth: technical or physiologic? (Bottoms et al) 
1986; 155:154-8 
Meclofenamate 
Effects of meclofenamate and acetaminophen on abdominal 
pain following tubal occlusion (Huang et al). 1986; 
155:624-9 
Medical disorders 
Drug prescribing for chronic medical disorders during 
pregnancy: an overview (Rayburn and Lavin). 1986; 
155:565-9 (Clin. Opinion) 
Medical education 
A community under siege (Sherline). 1986; 155:570-3 (Pres. 
address) 
Student response to gynecologic teaching associates (Beck- 
mann et al). 1986; 155:301-6 
Membranes 
Capnocytophaga on the fetal surface of the placenta of a pa- 


Volume 155 
Number 6 


tient with ruptured membranes at 39 weeks’ gestation 
(Wallace) (Letter). 1986; 155:228-9 

Changes in prostaglandin transfer across human fetal mem- 
branes obtained after spontaneous labor (Nakla et al). 
1986; 155:1337-41 

Forskolin-stimulated adenylate cyclase activity in fetal and 
aduk rabbit myocardial membranes (Hatjis). 1986; 
155:1326-31 

Lead and cadmium concentrations in maternal and umbil- 
ical cord blood, amniotic fluid, placenta, and amniotic 
membranes (Korpela et al). 1986; 155:1086-9 

Premature rupture of the membranes before 28 weeks: con- 
servative management (Beydoun and Yasin). 1986; 
155:471-9 

The relationship between trypsin activity in amniotic fluid 
and premature rupture of membranes (Kanayama et al). 
1986; 155:1043-8 

Reports on collagen content in amnion with premature rup- 
ture of the membranes (Al-Zaid) (Letter); (Kanayama) 
(Reply). 1986; 155:915-6 

Substrate utilization for estrogen synthesis by human fetal 


5 
Thin-layer chromatography and false positive identification 
of phosphatidylglycerol in patients with preterm rup- 
tured membranes (Stedman et al) (Letter); (Van Dorsten 
and Horger) (Reply). 1986; 155:226-7 
The use of the nonstress test in patients with premature 
rupture of the membranes (Vintzileos et al). 1986; 
155:149-53 
Menopausal gonadotropin 
Human chorionic gonadotropin reduces aromatizable an- 
drogens and aromatase activity in women stimulated by 
clomiphene citrate and human menopausal gonadotropin 
(Serafini et al). 1986; 155:1236-9 
Menopause 
The effect of estrogen-progestin treatment on opioid con- 
trol of gonadotropin and prolactin secretion in post- 
menopausal women (Dawood et al). 1986; 155:1246-51 
Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone release and circulating sex steroid hormone con- 
centrations (Veldhuis et al). 1986; 155:534-9 
Localization of an estrogen-responsive protein in the human 
cervix during menstrual cycle, pregnancy, and meno- 
pause and in abnormal cervical epithelia without atypia 
(Ciocca et al. 1986; 155:1090-6 
The relative fatty acid composition of serum lecithin and 
cholesterol ester: influence of an estrogen-progestogen 
regimen in climacteric women (Mattsson et al). 1986; 
155:174-7 
Menstruation 
Assessment of menstrual cycle symptoms by trend analysis 
(Magos and Studd). 1986; 155:271-7 
Evidence of cyclic alterations of thyroid size during the men- 
strual cycle in healthy women (Hegedüs et al). 1986; 
155:142-5 
Hypothesis: menstruation is a steroid-regulated, cyclic, au- 
toimmune process (Hertz). 1986; 155:374-5 
Localization of an estrogen-responsive protein in the human 
cervix during menstrual cycle, pregnancy, and meno- 
pause and in abnormal cervical epithelia without atypia 
{Ciocca et al). 1986; 155:1090-6 
Trend analysis of the symptoms of 150 women with a history 
of the premenstrual syndrome (Magos et al). 1986; 
155:27 1-82 


membranes and decidua (Romano etal). 1986; 155:1170- - 


Subject index 1405 


Mesometrium 
An analysis of the characteristics of the electromyogram 
recorded from the mesometrium in the ovariectomized 
nonpregnant ewe and its similarities with and differences 
from the electromyogram obtained from the myome- 
trium: the effect of estrogens (Yarrington et al). 1986; 
155:1160-4 
Metabolism 
Condition and performance of the perfused human pla- 
cental cotyledon (Bloxam and Bullen). 1986; 155:382-8 
The effect of fetal urine on arachidanic acid metabolism in 
human amnion cells in monolayer culture (Niesert et al). 
1986; 155:1310-6 
The role of platelet-activating factor in human fetal lung 
maturation (Hoffman et al). 1986; 155:70-5 
Subclinical abnormalities of glucose metabolism in subjects 
with previous gestational diabetes (Catalano et al). 1986; 
155:1255-62 
Metastasis 
Lymph node metastasis in cancer of the cervix: a prelimi- 
nary report (To et al). 1986; 155:388-9 
Lymph node metastasis of ovarian cancer: a preliminary 
survey of 74 cases of lymphadenectomy (Wu et al). 1986; 
155:1103-8 
Methotrexate 
Methotrexate inhibition of normal trophoblasts in vitro 
(Sand et al). 1986; 155:324-9 
Treatment of cornual pregnancy with methotrexate: case 
report (Brandes et al). 1986; 155:655-7 
Metoprolol 
Acute effects of dihydralazine mesylate, furosemide, and 
metoprolol on maternal hemodynamics in pregnancy-in- 
duced hypertension (Suonio et al). 1986; 155:122-5 
Midline incision 
Extraperitonea]l lymph node dissections with use of a mid- 
line incision in patients with female genital cancer (Gallup 
et al). 1986; 155:559-64 
Migraine 
Drug prescribing ‘for chronic medical disorders during 
pregnancy: an overview (Rayburn and Lavin). 1986; 
155:565-9 (Clin. Opinion) 
Miillerian tumors of uterus 
Prognostic value of peritoneal washings in patients with ma- 
lignant mixed mUullerian tumors of the uterus (Geszler et 
al). 1986; 155:83-9 
Mitogens 
Oral contraception and hormone replacement therapy: are 
progestogens and progestins breast mitogens? (Vorherr) 
(Letter) 1986; 155:1140-2 
Mole 
Expression of trophoblast-leukocyte common antigens and 
placental-type alkaline phosphatase in complete molar 
pregnancy (Berkowitz et al). 1986; 155:443-6 
Hydatidiform mole: cytogenetic marker analysis in twin ges- 
tation (Vejerslev et al). 1986; 155:614-7 
Radioimmunoassay of free B-subunit of human chorionic 
gonadotropin as a prognostic iest for persistent tropho- 
blastic disease in molar pregnancy (Khazaeli et al). 1986; 
155:320-4 
Monitoring 
Diabetes in pregnancy: evaluating self-monitoring per- 
formance and glycemic control with memory-based re- 
flectance meters (Langer and Mazze). 1986; 155: 
635-7 
Electronic fetal monitoring (Ciark) (Letter). 1986; 155: 
1363-4 


1406 Subject index 


7 


Electronic fetal monitoring as seen through the looking glass 
(Goodlin) (Letter); (Paul) (Reply). 1986; 155:454-5 

Fetal heart rate monitoring patterns (Pool) (Letter); (Clark 
and Paul) (Reply). 1986; 155:916 

Human placental lactogen and unconjugated estriol con- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and single 
intrauterine fetal death (Trapp et al). 1986; 155:1027-31 

The indirectly obtained feta] heart rate: comparison of first- 
and second-generation electronic fetal monitors (Boehm 
et al). 1986; 155:10-4 


Intrapartum treatment of preeclamptic hypertension by ke- 


tanserin (Hulme and Odendaal). 1986; 155:260-3 
Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 
itoring during the peripartum period ‘Lee et al). 1986; 
155:999-1001 
Telephone transmission of fetal heart rate monitor data: 
the experience at the University of Connecticut Health 
Center (Vintzileos et al). 1986; 155:530-4 
Monkey 
Present status of intrauterine treatment of hydrocephalus 
and its future (Michejda et al). 1986; 155:873-82 (Curr. 
Dev.) 
Monoamniotic twin 
Moncamniotic twins: antenatal diagnosis and management 
(Sutter et al). 1986; 155:836-7 
Monoclonal antibody 
CA 125 in gynecologic practice (Malkasian et al). 1986; 
155:515-8 
Myosin detection in human myometrium with a monoclonal 
antibody (Neveu et al). 1986; 155:852-7 
Radioimmunoassay of free B-subunit of human chorionic 
gonadotropin as a prognostic test for persistent tropho- 
blastic disease in molar pregnancy (Khazaeli et al). 1986; 
155:320-4 
Motor development 
Motor and cognitive development of infants with intraven- 
tricular hemorrhage, ventriculomegaly, or periventricular 
parenchymal lesions (Low et al). 1986; 155:750-6 
Mucus 
Biochemical identification of the mucus of pseudomyxoma 
peritonei as the basis for mucolytic treatment (Beller et 
al). 1986; 155:970-3 
Miillerian duct 
Infected Miillerian anomaly: an unusual cause of pelvic ab- 
scess during pregnancy (Orr et al). 1986; 155:368-70 
Myocardial infarction 
Acute myocardial infarction in the puerperium in pa- 
tients receiving bromocriptine (Iffy et al). 1986; 155: 
371-2 
Pregnancy in a patient with a history of myocardial mfarc- 
tion and coronary artery bypass grafting (Chestnut et al). 
1986; 155:372-3 
Myocardial membrane 
Forskolin-stimulated adenylate cyclase activity in fetal and 
adult rabbit myocardial membranes (Hatjis). 1986; 
155:1326-31 
Myometrium 
An analysis of the characteristics of the electromyogram 
recorded from the mesometrium in the ovariectomized 
nonpregnant ewe and its similarities with and differences 
from the electromyogram obtained from the myome- 
trium: the effect of estrogens (Yarrington et al). 1986; 
155:1160-4 
Effect of oxytocin on spontaneous electrical and mechanical 


December 1986 
Am J Obstet Gymecol 


activities in pregnant human myometrium (Kawaraday- 
ashi et al). 1986; 155:671-6 
Myosin detection in human myometrium with a monoclonal 
antibody (Neveu et al). 1986; 155:852-7 
Myosin 
Myosin detection in human myometrium with a monoclcnal 
antibody (Neveu et al). 1986; 155:852-7 


N 


Nalbuphine 
Pharmacokinetics of nalbuphine during parturition (Wil:on 
et al). 1986; 155:340-4 
Narcotics 
The effect of estrogen-progestin treatment on opioid con- 
trol of gonadotropin and prolactin secretion in pcst- 
menopausal women (Dawood et al). 1986; 155:1246-E1 
Natural killer cell 
T-cell subsets and natural killer cell activity in patients w th 
gestational trophoblastic neoplasia (Ho et al). 19€6; 
155:330-4 
Nausea 
Nausea and vomiting of pregnancy and association wh 
pregnancy outcome (Tierson et al). 1986; 155:1017-2¢ 
Needle 
Use of a small-gauge needle for intrauterine fetal transf- 
sions (Barss et al). 1986; 155:1057-8 
Neisseria gonorrhoeae 
Induction of subcutaneous and intraperitoneal abscesses m 
mice by Neisseria gonorrhoeae and Bacteroides species 
(Brook). 1986; 155:424-9 
Lower genital tract infection with Chlamydia trachomatis and 
Neisseria gonorrhoeae in Icelandic women with salpingitis 
(Magnusson et al). 1986; 155:602-7 
Neonate 
Attack rate for neonatal herpesvirus (Amsley) (Letter; 
(Hankins) (Reply). 1986; 155:229-30 
Brain stem evoked response and neonatal neurological ma 
uration (Hadi) (Letter); (Diven and Kelly) (Reply). 1986; 
155:452-4 
Dietary fatty acids and platelet thromboxane production im 
puerperal women and their offspring (Kääpä et al). 1986. 
155:146-9 
Elective repeat cesarean delivery and persistent pulmonar” 
hypertension of the newborn (Sulyok and Csaba) (Letter) 
(Heritage and Cunningham) (Reply). 1986; 155:687-8 
Hematologic evidence of fetal hypoxia among newborn in- 
fants at high altitude in Bolivia (Ballew and Haas). 1986 
155:166-9 
Neonatal outcome after indomethacin treatment for pre- 
term labor (Niebyl and Witter). 1986; 155:747-9 
Premature rupture of the membranes before 28 weeks: con- 
servative management (Beydoun and Yasin). 1986; 
155:471-9 
Prevention of neonatal group B streptococcal sepsis by the 
use of a rapid screening test and selective intrapartum 
chemoprophylaxis (Morales et al). 1986; 155:979-83 
Sclerema neonatorum and joint contractures at birth as a 
potential complication of chronic in utero hypoxia (Mol- 
teni and Ames). 1986; 155:380-1 
Serum vitamin E status in infants with neonatal hyperbili- 
rubinemia (Sheriff et al) (Letter); (Marx) (Reply). 1986; 
155:1142-3 
Neoplasia; see also Carcinoma; Malignancy 
A comparison between laser excisional conization and laser 
vaporization for the treatment of cervical intraepithelial 
neoplasia (Baggish). 1986; 155:39-44 


Volume 155 
Number 6 


Human genital papilloma infections: an evaluation of im- 
munologic competence in the genital neoplasia-papilloma 
syndrome (Carson et al). 1986; 155:784-9 

Immunovhistochemical localization of human chorionic go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: tmplications 
for evaluating trophoblastic differentiation in germ cell 
neoplasm (Tuttle et al) (Letter). 1986; 155:686-7 

Risk factors for gestational trophoblastic neoplasia (Meizner 
et al) (Letter). 1986; 155:456-7 

Neurological maturation 

Brain stem evoked response and neonatal neurological mat- 
uration (Hadi) (Letter); (Diven and Kelly) (Reply). 1986; 
155:452-4 

Newborn; see Neonate 
Node; see Lymph node 
Nonstress test 

Nonstress and contraction stress testing of baboon fetuses 
(Brans et al). 1986; 155:435-6 

The significance of antepartum vartable decelerations (An- 
yaegbunam et al). 1986; 155:707-10 

Stimulation of human fetuses with sound and vibration 
(Gagnon et al). 1986; 155:848-51 

The use of the nonstress test in patients with premature 
rupture of the membranes (Vintzileos et al). 1986; 
155:149-53 

Nuclear antigen 

Antibodies to phospholipids and nuclear antigens in pa- 
tients with repeated abortions (Cowchock et al). 1986; 
155:1002-10 

a-Nucleotidyltransferase 

Follicle-stimulating hormone and estrogen elevate deoxy- 
ribonucleic acid a-nucleotidyltransferase activity in rela- 
tionship to deoxyribonucleic acid synthesis in immature 
rat ovaries (Usuki and Shioda). 1986; 155:447-51 

Nystatin 

Therapy of candidal vaginitis: the effect cf eliminating in- 

testinal Candida. 1986; 155:651-5 


O 


Occlusion 
Surgical management of distal tubal occlusion (Kitchin). 
1986; 155:524-3] 
Oocytes 
Effects of cryopreservation on the viability and fertilizability 
of unfertilized hamster oocytes (Chuong and Coulam). 
1986; 155:1420-5 
Programmed oocyte retrieval during routine laparoscopy 
and embryo crvopreservation for later transfer (Frydman 
et al). 1986; 195:112-7 
Oogenesis 
Initiation of oogenesis in the human fetal ovary: ultrastruc- 
tural and squash preparation study (Gondos et al). 1986; 
155:189-95 
Oophorectomy 
An analysis of the characteristics of the electromyogram 
recorded from the mesometrium in the ovariectomized 
nonpregnant ewe and its similarities with and differences 
from the electromyogram obtained from the myome- 
trium: the effect of estrogens (Yarrington et al). 1986; 
155:1160-4 
Electrical and mechanical uterine activity and gap junctions 
in estrogen-treated oophorectomized sheep (Verhoeff et 
al). 1986; 155:1192-6 
Opioid 


The effect of estrogen-progestin treatment on opioid con- 


Subject index 1407 


trol of gonadotropin and prolactin secretion in post- 
menopausal women (Dawood et al). 1986; 155:1246-51 
Human placental opioid peptides: correlation to the route 
of delivery (Ahmed et al). 1986; 155:703-6 
Optical density 
Midtrimester amniotic fluid delta optical density at 450 nm 
in normal pregnancies (Ananth et al). 1986; 155:664-6 
(Curr. Invest.) 
Oral contraceptives 
Congenital limb reduction deformities and use of oral con- 
traceptives (Kricker et al). 1986; 155:1072-8 
Oral contraception and hormone replacement therapy: are 
progestogens and progestins breast mitogens? (Vorherr) 
(Letter) 1986; 155:1140-2 
Oral contraceptives and insulin receptor binding in normal 
women and those with previous gestational diabetes 
(Skouby et al). 1986; 155:802-7 
Os calcis 
Os calcis results questioned (Mazess) (Letter); (Wasnich and 
Vogel) (Reply). 1986; 155:1144 
Ovarian cancer 
CA 125 antigen in human amniotic fluid and fetal mem- 
branes (O’Brien et al). 1986; 155:50-5 
The CA 125 assay as a predictor of clinical recurrence in 
epithelial ovarian cancer (Niloff et al). 1986; 155:56-60 
A comparison of low-and high-dose cisplatin-based combi- 
nation chemotherapy as initial postoperative treatment in 
advanced ovarian adenocarcinoma (Menczer et al). 1986; 
155:974-9 
Lymph node metastasis of ovarian cancer: a preliminary 
survey of 74 cases of lymphadenectomy (Wu et al). 1986; 
155:1103-8 
Pelvic lymphadenectomy in operative treatment of ovarian 
cancer (Burghardt et al). 1986; 155:315-9 
Ovary; see also Ovarian cancer 
An analysis of the characteristics of the electromyogram 
recorded from the mesometrium in the ovariectomized 
nonpregnant ewe and its similarities with and differences 
from the electromyogram obtzined from the myome- 
trium: the effect of estrogens (Yarrington et al). 1986; 
155:1160-4 
Electrical and mechanical uterine activity and gap junctions 
in estrogen-treated oophorectomized sheep (Verhoeff et 
al). 1986; 155:1192-6 
Follicle-stimulating hormone and estrogen elevate deoxy- 
ribonucleic acid a-nucleotidyltransferase activity in rela- 
tionship to deoxyribonucleic acid synthesis in immature 
rat ovaries (Usuki and Shioda). 1986; 155:447-51 
Initiation of oogenesis in the human fetal ovary: ultrastruc- 
tural and squash preparation study (Gondos et al). 1986; 
155:189-95 
Porcine follicular fluid protein(s) inhibit rat ovary granulosa 
cell steroidogenesis (Schreiber and diZerega). 1986; 
155:1281-8 
Reimplantation of a human emtryo with subsequent ovar- 
ian pregnancy (Carter and Jacobson). 1986; 155:282-3 
Triplet pregnancy after low-dose pulsatile gonadotropin- 
releasing hormone in polycystic ovarian disease (Filicori 
et al). 1986; 155:768-9 
Overfeeding 
The effect of carbohydrate overfeeding on blood pressure 
in the pregnant, spontaneously hypertensive rat (Ahokas 
et al). 1986; 155:1113-8 
Ovulation 
Reimplantation of a human embryo with subsequent ovar- 
lan pregnancy (Carter and Jacobson). 1986; 155:282-3 


1408 Subject index 


+ 


Triplet pregnancy after low-dose pulsatile gonadotropin- 
releasing hormone in polycystic ovarian disease (Filicori 
et al). 1986; 155:768-9 

Uterine fluid and prolactin secretion in the ovulating cy- 
nomolgus monkey (Ying et al). 1986; 155:677-80 

Oxygenation 

Arterial Po,, PCO» and pH versus transcutaneous Po, and 
Pco, and tissue pH in the fetal dog (Abitbol et al). 1986; 
155:437-43 

Fetal cardiorespiratory changes during spontaneous prela- 
bor uterine contractions in sheep (Lianos et al). 1986; 
155:893-7 

Modification of maternal and fetal oxygenation with the 
use of tracheal gas infusion (Gleed et al). 1986; 155: 
429-35 

Oxytocin 

Amniotomy and oxytocin treatment of functional dystocia 
and route of delivery (Seitchik et ali. 1986; 155:585- 
92 

Effect of oxytocin on spontaneous electrical and mechanical 
activities in pregnant human myometrium (Kawarabay- 
ashi et al). 1986; 155:671-6 

‘Oxytocin injection into the umbilical vein in women with 
retained placenta: a questionable method (Hauksson) 
(Letter). 1986; 155:1140 

Severe peripheral arteriospasm following oxytocin admin- 
istration (Evron et al). 1986; 155:657-8 


p 


Paeoniflorin 

Possible mechanism of steroid action of tke plant herb ex- 
tracts glycyrrhizin, glycyrrhetinic acid, and paeoniflorin: 
inhibition by plant herb extracts of steroid protein bind- 
ing in the rabbit (Tamaya et al). 1986; 155:1134-9 

Paget’s disease ; 

Extramammary Paget’s disease of the vulva and anus: use 
of intraoperative frozen-section margins (Stacy et al). 
1986; 155:519-24 

Pain 

Abdominal pelvic pain syndrome: fact or fiction (Beard et 
al) (Letter). 1986; 155:229 

Effects of meclofenamate and acetaminophen on abdominal 
pain following tubal occlusion (Huang et al). 1986; 
155:624-9 

Pancuronium bromide 

Prevention of fetal movement during invasive procedures 
with pancuronium bromide (Seeds et al). 1986; 155:818- 
9 

Papers 

Papers of the Society for Gynecologic Investigation. 1986; 

155:1154-1356 
Papilloma 

Human genital papilloma infections: an evaluation of im- 
munologic competence in the genital neoplasia-papilloma 
syndrome (Carson et al). 1986; 155:784-9 

Para-aortic node biopsy 

Para-aortic node biopsy in cervical and endometrial cancers: 

does it affect survival? (Blythe et al) 1986; 155:306-14 
Paraplegia 

Paraplegia and quadriplegia: special considerations during 
pregnancy and labor and delivery (Greenspoon and Paul). 
1986; 155:738-41 (Clin. Opinion) 

Parenchymal! lesion 

Motor and cognitive development of infants with intraven- 
tricular hemorrhage, ventriculomegaly, or periventricular 
parenchymal lesions (Low et al). 1986; 155:750-6 


December 1°86 
Am } Obstet G-nezol 


Parity 

Cortisol levels in human pregnancy in relation to parity ard 
age (Vleugels et al). 1986; 155:118-21 

Dystocia, parity, and the cesarean problem (Boylan and 
Frankowski) (Letter). 1986; 155:455-6 

Parity and use-effectiveness with the contraceptive sponge 
(McIntyre and Higgins). 1986; 155:796-801 

Parturition; see also Delivery 
Pathology 

Lymph node metastasis in cancer of the cervix: a prelam-- 

nary report (To et al). 1986; 155:388-9 
Pearls 

A stillbirth with aspirated squamous pearls and fetoplaceatal ° 
thromboembolism: a new finding and reminder of the 
importance of placental and fetal pathologic conditions 
(Altshuler and Jordan). 1986; 155:106-7 

Pelvic abscess 

Infected miillerian anomaly: an unusual cause of pe.vic 
abscess during pregnancy (Orr et al). 1986; 155:338- 
70 

Pelvic drainage 

Closed suction pelvic drainage after radical pelvic surgical 

procedures (Orr et al). 1986; 155:867-71 
Pelvic inflammatory disease 

Predicting acute pelvic inflammatory disease: a multivariate 

analysis (Hadgu et al). 1986; 155:954-60 
Pelvic pain syndrome 

Abdominal pelvic pain syndrome: fact or fiction (Beard et 

al) (Letter). 1986; 155:229 
Pelvic surgical procedure 

Closed suction pelvic drainage after radical pelvic surgical 
procedures (Orr et al). 1986; 155:867-71 

Pelvic lymphadenectomy in operative treatment of ovarizn 
cancer (Burghardt et al). 1986; 155:315-9 

Pelvimetry , 

The fetal-pelvic index as an indicator of fetal-pelvic dispro- 
portion: a preliminary report (Morgan et al). 1986; 
155:608-13 

Pemphigus 

Pemphigus in pregnancy: a reevaluation of fetal risk (Ross 

et al). 1986; 155:30-3 
Peptides 

Human placental opioid peptides: correlation to the route 

of delivery (Ahmed et al). 1986; 155:703-6 
Perfluorochemicals 

The cardiorespiratory effects of perfluorochemicals on 
acute carbon monoxide poisoning in the pregnant ewe 
(Baker et al). 1986; 155:1128-34 

Perinatal outcome 

Maternal-perinatal outcome associated with the syndrome 
of hemolysis, elevated liver enzymes, and low platelets in 
severe preeclampsia-eclampsia (Sibai et al). 1986; 
155:501-9 

The significance of antepartum variable decelerations (An- 
yaegbunam et al). 1986; 155:707-10 

Perineal scan 

Glinical application of the perineal scan: prepartum screen- 
ing for cord presentation (Sakamoto et al). 1986; 
155:1041-3 

Peripartum period 

Peripartum cardiomyopathy: echocardiographic features in 
five cases (Aroney et al). 1986; 155:103-6 

Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 
itoring during the peripartum period (Lee et al). 1986; 
155:999-1001 


Volume 155 
Number 6 


Peripheral arteriospasm 
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ing for cord presentation (Sakamoto . et al). 1986; 
155:1041-3 

Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) 


Prenatal diagnosis of craniofacial malformations with ultra- 


sonography (Pilu et al). 1986; 155:45-50 

The prenatal diagnosis of ventral abdominal wall defects 
(Hasan and Hermansen). 1986; 155:842-5 

In utero treatment of a fetus with diaphragmatic hernia 
complicated by hydrops (Benacerraf and Frigoletto). 
1986; 155:817-8 

Prescriptions 

Drug prescribing for chronic medical disorders during 
pregnancy: an overview (Rayburn and Lavin). 1986; 
155:565-9 (Clin. Opinion) 

Presentation 
Use of the terms position, presentation, and lie (Reamy) 
(Letter); (Hughey) (Reply). 1986; 155:918 
Presidential address 
Presidential address. 1986; 155:461-4, 570-3 
Preterm labor and delivery 

Immunologic factors contributing to the initiation of la- 
bor-—lymphocyte reactivity in term labor and threat- 
ened preterm delivery (Szekeres-Bartho et al). 1986; 155: 
108-12 . 

Neonatal outcome after indomethacin treatment for pre- 
term labor (Niebyl and Witter). 1986; 155:747-9 

The preterm cervix and preterm labor: relative risks, pre- 
dictive values, and change over time (Stubbs et al). 1986; 
155:829-34 

Women's acceptance of a preterm birth prevention program 
(Papiernik et al). 1986; 155:939-46 

Primigravida ) 

Severe preeclampsia-eclampsia in young  primigravid 
women: subsequent pregnancy outcome and remote 
prognosis (Sibai et al). 1986; 155: 1011- 6 

Progesterone; see also Progestin 

Danazol binds to progesterone receptors and inhibits the 
growth of human endometrial cancer cells in vitro (Ike: 
‘gami et al). 1986; 155:857-61 | 

Effects of clomiphene citrate on cytosolic estradiol and pro- 
gesterone receptor concentrations in secretory endome- 
trium (Aksel et al). 1986; 155:1219-23 

Endocrine aspects of human uterine sarcoma: a preliminary 
study (Tseng et al). 1986; 155:95-10] 

Hormones and cervical ripening: dehydroepiandrosterone 
sulfate, estradiol, estriol, and progesterone (emaema et 
al). 1986; 155:1252-4 

Hypothesis: menstruation is a dirii. cyclic, au- 
toimmune process (Hertz). 1986; 155:574-5 

Immunologic factors contributing to the initiation of labor— 
lymphocyte reactivity in term labor and threatened pre- 
term delivery (Szekeres-Bartho et al). 1986; 155:108-12 

Potassium regulation and progesterone-aldosterone inter- 
relationships in human pregnancy: a prospective study 
(Brown et al). 1986; 155:349-53 l 

The primary treatment of luteal phase inadequacy: pro- 
gesterone versus clomiphene citrate (Huang). 1986; 
155:824-8 

Progestėrone and relaxin secretion in relation to the ultra- 
structure of human luteal cells in culture: effects of hu- 
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man chorionic gonadotropin (Schmidt et al). 1986; 
155:1209-19 
Progestin; see also Progesterone 
The effect of estrogen-progestin treatment on opioid ccn- 
` trol of gonadotropin and prolactin secretion in post- 
menopausal women (Dawood et al). 1986; 155:1246-51 
Endocrine aspects of human uterine sarcoma: a preliminary 
study (Tseng et al). 1986; 155:95-101 
Oral contraception and hormone replacement therapy: are 
progestogens and progestins breast mitogens? (Vorherr) 
(Letter) 1986; 155:1140-2 . 
Progestogens 
Oral contraception and hormone replacement therapy: a 
progestogens and progestins breast mitogens? (Vorher) 
(Letter) 1986; 155:1140-2 
The relative fatty acid composition of serum lecithin ard 
cholesterol ester: influence of an estrogen-progestogen 
regimen in climacteric women (Mattsson et al). 1985; 
155:174-7 . 
Prognosis 
‘Flow cytometric deoxyribonucleic acid index: a prognost.c 
factor in endometrial carcinoma (Iversen). 1986; 155:770- 
6 i 
Prognostic value of peritoneal washings in patients with ma- 
lignant mixed müllerian tumors of the uterus (Geszler et 
al): 1986; 155:83-9 
Prolactin 
The effect of estrogen-progestin treatment on opioid cor- 
trol of gonadotropin and prolactin secretion in post 
menopausal women (Dawood et al). 1986; 155:1246-51 
Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone release and circulating sex steroid -hormone con- 
centrations (Veldhuis et al). 1986; 155:334-9 
Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part I (Daly et al). 1986: 
'155:358-62 
Evidence of short-loop inhibition of decidual ee syn- 
thesis by decidual proteins: part II (Daly et al). 1986 
155:363-8 
Uterine fluid and prolactin secretion in the ovulating cy- 
nomolgus monkey (Ying et al). 1986; 155:677-80 
Prolactinoma 
Pregnancy after treatment in, patients with prolactinoma: 
operation versus sromiccneuns (Samaan et al). 1986; 
155:1300-5 
Prophylaxis 
Prophylactic posterior culdoplasty (Piura) aes (Given) 
(Reply). 1986; 155:685-6 
Prorenin 
Uteroplacental unit as a source of elevated circulation pro- 
renin levels in normal pregnancy (Brar et al). 1986; 
155:1223-6 l 
Prostacyclin; see also Prostaglandin 
Maternal ingestion of acetylsalicylic acid inhibits fetal and 
neonatal prostacyclin and thromboxane in humans (Yli- 
korkala et al). 1986; 155:345-9 
Prostaglandin 
Changes in prostaglandin transfer across human fetal mem- 
branes obtained after spontaneous labor (Nakla et al). 
1986; 155:1337-41 
The-effect of aminophylline on uterine smooth muscle con- 
tractility and prostaglandin production in the pregnant 
rat uterus in vitro (Laifer et al). 1986; 155:212-5 
Effect of antipyrine on prostaglandin levels and uterine and 
umbilical blood flow (Cashner et ie ‘1986; 155: 1305-10 
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Effect of fetal and maternal intravascular antipyrine infu- 
sion on maternal plasma prostaglandin concentrations in 
the pregnant sheep at 104 to 127 days’ gestation (Pimentel 
et al). 1986; 155:1181-5 

Immunologic factors contributing to the initiation of labor-— 
lymphocyte reactivity in term labor and threatened pre- 
term delivery (Szekeres-Bartho et al). 1986; 155:108-12 

A macrophage defect in women with recurrent Candida vag- 
initis and its reversal in vitro by prostaglandin inhibitors 
(Witkin et al). 1986; 155:790-5 

Maternal ingestion of acetylsalicylic acid inhibits fetal and 
neonatal prostacyclin and thromboxane in humans (Yli- 
korkala et al). 1986; 155:345-9 

Plasma prostaglandin metabolite levels after use of prosta- 
glandin E, gel for cervical ripening (O’Brien et al). 1986; 
155:1037-40 

Prostaglandin E, 9-ketoreductase activity in human decidua 
vera tissue (Niesert et al). 1986; 155:1348-52 

Response of human amnion cells in culture to 1,25-dihy- 
droxycholecalciferol: increased 25-hydroxycholecalci- 
ferol 24-hydroxylase activity and prostaglandin E, for- 
mation (Casey et al). 1986; 155:1272-6 

Protein 

Estrogen effects on plasma volume, arterial blood pressure, 
interstitial space, plasma proteins, and blood viscosity in 
sheep (Ueda et al). 1986; 155:195-201 

Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part I (Daly et al). 1986; 
155:358-62 

Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part II (Daly et al). 1986; 
155:363-8 

Glycosylated serum protein level as a screening and diag- 
nostic test for gestational diabetes mellitus (Bourgeois et 
ali. 1986; 155:493-6 

Localization of an estrogen-responsive protein in the human 
cervix during menstrual cycle, pregnancy, and meno- 
pause and in abnormal cervical epithelia without atypia 
(Ciocca et al). 1986; 155:1090-6 

Other aspects of the role of C-reactive protein during preg- 
nancy and labor (Kelemen et al) (Letter). 1986; 155:231-2 

Porcine follicular fluid protein(s) inhibit rat ovary granulosa 
cell steroidogenesis (Schreiber and diZerega). 1986; 
155:1281-8 

Proiein S deficiency in pregnancy (Rose et al). 1986; 
135:140-1 

Proximal stump salpingitis 
Proximal stump salpingitis (Fletcher}. 1986; 155:496-500 
Pseudomyxoma peritonei 

Biochemical identification of the mucus of pseudomyxoma 
peritonei as the basis for mucolytic treatment (Beller et 
al), 1986; 155:970-3 

Psychosocial factors 

Predicting postnatal emotional adjustment with psychoso- 
cial factors and hormonal measures in early pregnancy 
(Gordon et al). 1986; 155:80-2 

Puerperium 

Acute myocardial infarction in the puerperium in patients 
receiving bromocriptine (Iffy et al). 1986; 155:371-2 

Dietary fatty acids and platelet thromboxane production in 
puerperal women and their offspring (Kääpä et al). 1986; 
155:146-9 l 

Pulmonary circulation 

Elective repeat cesarean delivery and persistent pulmonary 
hypertension of the newborn (Sulyok and Csaba) (Letter); 
(Heritage and Cunningham) (Reply). 1986; 155:687-8 
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Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 
itoring during the peripartum period (Lee et al). 1986; 
155:999-1001 

Pulmonary embolism 

Thrombolytic therapy for pulmonary embolism in preg- 
nancy: a case report (Delclos and Davila). 1986; 155:375- 
6 

Pulmonary hypoplasia 

Advanced abdominal pregnancy associated with fetal pul- 
monary hypoplasia: report of a case (Cartwright et al). 
1986; 155:396-7 

Pulsatile administration 

Pulsatile heparin administration in pregnancy: a new ap- 
proach (Hahn). 1986; 155:283-7 

Triplet pregnancy after low-dose pulsatile gonadotropin- 
releasing hormone in polycystic ovarian disease (Filicori 
et al). 1986; 155:768-9 


Q 
Quadriplegia 
Paraplegia and quadriplegia: special considerations during 
pregnancy and labor and delivery (Greenspoon and Paul). 
1986; 155:738-41 (Clin. Opinion) 


R 


Radical surgery 
Closed suction pelvic drainage after radical pelvic surgical 
procedures (Orr et al). 1986; 155:867-71 
Radical hysterectomy as therapy for early carcinoma of the 
cervix (Creasman et al). 1986; 155:964-9 
Radioimmunoassay 
Radioimmunoassay of free B-subunit of human chorionic 
gonadotropin as a prognostic test for persistent tropho- 
blastic disease in molar pregnancy (Khazaeli et al). 1986; 
155:320-4 
Rapid screening test 
Prevention of neonatal group B streptococcal sepsis by the 
‘use of a rapid screening test and selective intrapartum 
chemoprophylaxis (Morales et al). 1986; 155:979-83 
Real-time ultrasound; see Ultrasound 
Records 
Missing hospital records: a confounding variable in retro- 
spective studies (Westgren et al}. 1986; 155:269-71 
Recurrent carcinoma in situ 
Recurrent carcinoma in situ of the vulva in a skin graft (Cox 
et al). 1986; 155:177-9 
Red blood cell isoimmunization 
Intrauterine intravascular transfusions for severe red blood 
cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 
Reepithelialization 
Modulation of fibroblast proliferation and transforma- 
tion by activated macrophages during postoperative 
peritoneal reepithelialization (Orita et al). 1986; 155: 
905-11 
Reflectance meter 
Capillary blood glucose screening for gestational diabetes: 
a preliminary investigation (Landon et al). 1986; 155:717- 
7) ae 
Diabetes in pregnancy: evaluating self-monitoring perfor- 
mance and glycemic control with memory-based reflec- 
tance meters (Langer and Mazze). 1986; 155:635-7 
Reimplantation 
Reimplantation of a human embryo with subsequent ovar- 
ian pregnancy (Carter and Jacobson). 1986; 155:282-3 
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Relaxin 

Progesterone and relaxin secretion in relation to the ultra- 
structure of human luteal cells in culture: effects of hu- 
man chorionic gonadotropin (Schmidt et al). 1986; 
155:1209-19 

Renal agenesis 

Recurrent bilateral renal agenesis (Sangal et al). 1986; 

155:1078-9 

Renin 

Uteroplacental unit as a source of elevatec. circulation pro- 
renin levels in normal pregnancy (Brar et al). 1986; 
155:1223-6 

Replacement therapy 

Endocrine impact ‘of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone concentrations (Veldhuis et al). 1986; 155:334-9 

Oral contraception and hormone replacement therapy: are 
progestogens and progestins breast mitcgens? (Vorherr) 
(Letter) 1986; 155:1140-2 : 

Research 

A community under siege (Sherline). 1986; 155:570-3 (Pres. 
address) 

Missing hospital records: a confounding variable in retro- 
spective studies (Westgren et al). 1986; 155:269-7] 

Resistance blood vessels 

Preganancy-induced changes in resistance blood vessels 

(McLaughlin and Keve). 1986; 155:1296-9 
Respiratory distress 

Update on prenatal steroid for prevention of respiratory 

distress (Avery et al). 1986; 155:2-5 (Clin. Opinion) 
Respiratory sinus arrhythmia 

Diminished respiratory sinus arrhythmia in asphyxiated 

term infants (Divon et al). 1986; 155:1263-6 
Retained placenta 

Oxytocin injection into the umbilical vein in women with 
retained placenta: a questionable method (Hauksson) 
(Letter). 1986; 155:1140 

Rh isoimmunization 

Intrauterine intravascular transfusions for severe red blood 
cell tsoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 

Risk 

Bilateral breast cancer: the frequency of undiagnosed can- 
cers (Beller et al). 1986; 155:247-55 

Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) 

Increased risk of endometritis and wound infection after 
cesarean section in insulin-dependent diabetic women 
(Diamond et al). 1986; 155:297-300 

Risk factors for gestational trophoblastic neoplasia (Meizner 
et al) (Letter). 1986; 155:456-7 

Ritodrine 

Elevated serum transaminase levels during ritodrine ad- 
ministration (Lotgering et al). 1986; 155:390-2 

Use of ritodrine, terbutaline, and magnesium sulfate in pre- 
term labor (Caritis) (Letter); (Beall and Paul) (Reply). 
1986; 155:1357 

Rupture of membranes; see Membranes 


S 
Saline amnioinfusion 
Concern about saline amnioinfusion (Gimbel) (Letter); (Mi- 
yazaki) (Reply). 1986; 155:227 
Salpingitis . 
Lower genital tract infection with Chlamydia trachomatis and 
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Neisseria gonorrhoeae in Icelandic women with salpingitis 
(Magnusson et al). 1986; 155:602-7 

Proximal stump salpingitis (Fletcher). 1986; 155:496-500 
(Brief rep.) 

Recovery of Chlamydia trachomatis from the endometrium of 
women at risk for chlamydial infection (Jones et al). 1986; 
155:35-9 

Salpingostomy 

Surgical management of distal tubal occlusion (Kitchin et 

al). 1986; 155:524-31 
Sarcoma ; 

Endocrine aspects of human uterine sarcoma: a preliminary 

study (Tseng et al). 1986; 155:95-101 
Scalp blood; see Fetal blood 
Scan 

Clinical application of the perineal scan: prepartum screen- 
ing for cord presentation (Sakamoto et al). 1986; 
155:1041-3 

Scar 

Emergent cesarean delivery in patients undergoing a trial 

of labor with a transverse lower-segment scar (Finley and 
xibbs). 1986; 155:936-9 
Scintigraphy 

Peripartum cardiomyopathy: echocardiographic features in 

five cases (Aroney et al). 1986; 155:103-6 
Sclerema neonatorum 

Sclerema neonatorum and joint contractures at birth as a 
potential complication of chronic in utero hypoxia (Mol- 
teni and Ames). 1986; 155:380-1 

Screening; see also Prenatal diagnosis 

Clinical application of the perineal scan: prepartum screen- 
ing for cord presentation (Sakamoto et al). 1986; 
155:1041-3 

Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) 

Glycosylated serum protein level as a screening and diag- 
nostic test for gestational diabetes mellitus (Bourgeois et 
al). 1986; 155:493-6 

Human chorionic gonadotropin assay sensitivity on screen- 
ing for ectopic pregnancy (Landesman et al) (Letter); 
(Romero and Kadar) (Reply). 1986; 155:681-4 . 

Maternal serum a-fetoprotein screening, maternal weight, 
and detection efficiency (Macri et al). 1986; 155:758-60 

Maternal serum a-fetoprotein screening: low and high val- 
ues for detection of genetic abnormalities (Simpson et al). 
1986; 155:593-7 

Office diagnosis of asymptomatic bacteriuria in pregnant 
women (Van Dorsten and Bannister). 1986; 155:777-80 

Prevention of neonatal group B streptococcal sepsis by the 
use of a rapid screening test and selective intrapartum 
chemoprophylaxis (Morales et al). 1986; 155:979-83 

Sechium edule 

Chayote (Sechium edule) causing hypokalemia in pregnancy 

(Jensen and Lai). 1986; 155:1048-9 
Seizure 

Antenatal] diagnosis of fetal seizure activity with use of real- 
time ultrasound (Conover et al). 1986; 155:846-7 

Drug prescribing for chronic medical disorders during 
pregnancy: an overview (Rayburn and Lavin). 1986; 
155:565-9 (Clin. Opinion) 

Evaluation by computerized axial tomography of eclamptic 
women with seizures refractory to magnesium sulfate 
therapy (Dunn et al). 1986; 155:267-8 

Self-monitoring 
Diabetes in pregnancy: evaluating self-monitoring perfor- 
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mance and glycemic control with memory-based reflec- 
tance meters (Langer and Mazze). 1986; 155:635-7 
Semen 
Disaturated phosphatidylcholine as a fetal lung maturity 
test; lack of interference by seminal ejaculate as a con- 
taminant in vaginally pooled amniotic fluid samples (Tsai 
et al}. 1986; 155:101-2 
Factors affecting pregnancy rates in a donor insemination 
program using frozen semen (Hammond et al). 1986; 
155:480-5 
Sensitization 
Kell sensitization in pregnancy (Bowman) (Letter); (Caine 
and Mueller-Heubach) (Reply). 1986; 155:912-4 
Sepsis; see Infection 
Septal defect 
Midtrimester diagnosis of endocardial fibroelastosis and 
atrial septal defect: a case report (Ben-Ami et al). 1986; 
155:662-3 
Serum 
Critical issues in prenatal maternal serum a-fetoprotein 
screening for genetic anomalies (Macri). 1986; 155:240- 
6 (Clin. Opinion) 
Elevated serum transaminase levels during ritodrine ad- 
ministration (Lotgering et al). 1986; 155:390-2 
Glycosylated serum protein level as a screening and diag- 
nestic test for gestational diabetes mellitus (Bourgeois et 
al). 1986; 155:493-6 
Maternal serum a-fetoprotein screening, maternal weight, 
and detection efficiency (Macri et al). 1986; 155:758-60 
The rate of increase of serum human chorionic gonadotro- 
pin in normal intrauterine pregnancy (Schwers et al) (Let- 
ter); (Pittaway) (Reply). 1986; 155:225-6 
The relative fatty acid composition of serum lecithin and 
cholesterol ester; influence of an estrogen-progestogen 
regimen tn climacteric. women (Mattsson et al). 1986; 
155:174-7 
Rise in maternal serum a-fetoprotein concentration after 
chorionic villus sampling and the possibility of isoim- 
munization (Blakemore et al). 1986; 155:988-93 
Serum vitamin E status in infants with neonatal hyperbili- 
rubinemia (Sheriff et al) (Letter); (Marx) (Reply). 1986; 
155:1142-3 
Sex steroids 
Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone release and circulating sex steroid hormone con- 
centrations (Veldhuis et al). 1986; 155:334-9 
Sexually transmitted disease 
Personal protection against sexually transmitted diseases 
(Stone et al). 1986; 155:180-8 (Curr. Dev.) 
Short-loop inhibition 
Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part I (Daly et al). 1986; 
155:358-62 
Evidence of short-loop inhibition of decidual prolactin syn- 
thesis by decidual proteins: part II (Daly et al). 1986; 
155:363-8 
Shoulder dystocia 
Symphysiotomy for shoulder dystocia (Hartfield) (Letter). 
1986; 155:228 
Sigmoid conduit 
Urinary diversion with use of ileal and sigmoid conduits 
(Stanhope et al). 1986; 155:288-92 
Sinus arrhythmia 
Diminished respiratory sinus arrhythmia in asphyxiated 
term infants (Divon et al). 1986; 155:1263-6 
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Small for gestational age fetus 
Identification of the small for gestational age fetus with the 
use of gestational age—independent indices of fetal growth 
(Divon et al). 1986; 155:1197-1201 
Smoking 
Comparative evaluation of antepartum and postpartum 
platelet function in smokers and nonsmokers (Leuschen 
et al). 1986; 155:1276-80 
Society for Gynecologic Investigation 
Papers of the Society for Gynecologic Investigation. 1986; 
155:1154-1356 
The Society of Perinatal Obstetricians 
Transactions of the sixth annual meeting of The Society of 
Perinatal Obstetricians. 1986; 155:691-737 
Sodium carboxymethylcellulose 
Adhesion prevention in the rabbit with sodium carboxy- 
methylcellulose solutions (Kotry et al). 1986; 155:667-70 
Sound 
Stimulation of human fetuses with sound and vibration 
(Gagnon et al). 1986; 155:848-51 
The South Atlantic Association of Obstetricians and Gyne- 
cologists 
Transactions of the forty-eighth annual meeting of The 
South Atlantic Association of Obstetricians and Gynecol- 
ogists. 1986; 155:461-564 
Spectrophotometry 
Midtrimester amniotic fluid delta optical density at 450 nm 
in normal pregnancies (Ananth et al). 1986; 155:664-6 
(Curr. Invest.) 
Sphincter 
Urethral axis and sphincteric function (Fantl et al). 1986; 
155:554-8 
Spina bifida 
Positive amniotic fluid acetylcholinesterase: distinguishing 
between open spina bifida and ventral wall defects (Bur- 
ton). 1986; 155:984-6 
Sponge 
Parity and use-effectiveness with the contraceptive sponge 
(McIntyre and Higgins). 1986; 155:796-801 
Squamous cell 
Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 
itoring during the peripartum period (Lee et al). 1986; 
155:999-1001 
Squamous pearls 
A stillbirth with aspirated squamous pearls and fetoplacental 
thromboembolism: a new finding and reminder of the 
importance of placental and fetal pathologic conditions 
(Altshuler and Jordan). 1986; 155:106-7 
Steroidogenesis 
Porcine follicular fluid protein(s) inhibit rat ovary granulosa 
cell steroidogenesis (Schreiber and diZerega). 1986; 
155:1281-8 
Steroids 
Endocrine impact of pure estradiol replacement in post- 
menopausal women: alterations in anterior pituitary hor- 
mone release and circulating sex steroid hormone con- 
centrations (Veldhuis et al). 1986; 155:334-9 
Hypothesis: menstruation is a steroid-regulated, cyclic, au- 
toimmune process (Hertz). 1986; 155:374-5 
Possible mechanism of steroid action of the plant herb ex- 
tracts glycyrrhizin, glycyrrhetinic acid, and paeoniflorin: 
inhibition by plant herb extracts of steroid protein bind- 
ing in the rabbit (Tamaya et al). 1986; 155:1134-9 
Update on prenatal steroid for prevention of respiratory 
distress (Avery et al). 1986; 155:2-5 (Clin. Opinion) 
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Stillbirth 
A stillbirth with aspirated squamous pearls and fetoplacental 
thromboembolism: a new finding and reminder of the 
importance of placental and fetal pathologic conditions 
(Altshuler and Jordan). 1986; 155:106-7 
Stimulation 
Fetal acoustic stimulation testing. II. A randomized clinical 
comparison with the nonstress test (Smith et al). 1986; 
155:131-4 
Intrapartum assessment of fetal well-being: a comparison 
of fetal acoustic stimulation with acid-base determinations 
(Smith et al). 1986; 155:726-8 
Stimulation of human fetuses with sound and vibration 
(Gagnon et al). 1986; 155:848-51 
Streptococci 
Prevention of neonatal group B streptococcal sepsis by the 
use of a rapid screening test and selective intrapartum 
chemoprophylaxis (Morales et al). 1986; 155:979-83 
Stress 
Predicting postnatal emotional adjustment with psychoso- 
cial factors and hormonal measures in early pregnancy 
(Gordon et al). 1986; 155:80-2 
Reduction of urethral pressure in response to stress: rela- 
tionship to urethral mobility (Richardson). 1986; 155:20- 
5 
Stress incontinence 
Reduction of urethral pressure in response to stress: rela- 
tionship to urethral mobility (Richardson). 1986; 155:20- 
5 
Urethral axis and sphincteric function (Fanti et al). 1986; 
155:554-8 
Value of the cough pressure profile in the evaluation of 
patients with stress incontinence (Richardson). 1986; 
155:808-11 
Students 
Student response to gynecologic teaching associates (Beck- 
mann et al). 1986; 155:301-6 
Suction 
Closed suction pelvic drainage after radical pelvic surgical 
procedures (Orr et al). 1986; 155:867-71 
Surgery ‘ 
Intestinal injury in gynecologic surgery: a ten-year experi- 
ence (Krebs). 1986; 155:509-14 
Pregnancy after treatment in patients with prolactinoma: 
operation versus bromocriptine (Samaan et al). 1986; 
155:1300-5 
Surgical management of distal tubal occlusion (Kitchin). 
1986; 155:524-31 
Survival 
Para-aortic node biopsy in cervical and endometrial cancers: 
does it affect survival? (Blythe et al) 1986: 155:306-14 
Symphysiotomy 
Symphysiotomy for shoulder dystocia (Hartfield) (Letter). 
1986; 155:228 


T 


T cells 
T-cell subsets and natural killer cell activity in patients with 
gestational trophoblastic neoplasia (Ho et al). 1986; 
155:330-4 
Teaching associates 
Student response to gynecologic teaching associates (Beck- 
mann et al). 1986; 155:301-6 
Teenage pregnancy 
Teenage pregnancy: a multiractal sociologic broblem (Hol- 
lingsworth and Felice). 1986; 155:741-6 (Clin. Opinion) 
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Telephone transmission 
Telephone transmission of fetal heart rate moritor data: 
the experience at the University of Connecticut Health 
Center (Vintzileos et al). 1986; 155:630-4 
Teratoma 
Mature solid teratoma associated with gliomatosis peritonei 
(Fanning and Bates). 1986; 155:661-2 
Terbutaline 
Use of ritodrine, terbutaline, and magnesium sulfate in pre- 
term labor (Caritis) (Letter); (Beall and Paul) (Reply). 
1986; 155:1357 
Testosterone 
Acute modulation of the hypothalamic-pituitary exis by in- 
travenous testosterone in normal women (Serazini et al). 
1986; 155:1288-92 
Theophylline 
Incidence of preeclampsia among asthmatic patients lower 
with theophylline (Dombrowski et al). 1986; 155:265-7 
Thin-layer chromatography 
Thin-layer chromatography and false positive idertification 
of phosphatidylglycerol in patients with preterm rup- 
tured membranes (Stedman et al) (Letter); (Var Dorsten 
and Herger) (Reply). 1986; 155:226-7 
Thoracentesis 
Successful midtrimester thoracentesis with analysis of the 
lymphocyte population in the pleural effusion (Benacer- 
raf et al). 1986; 155:398-9 
Thoracic hypoplasia 
Fetal echocardiography. VI. Assessment of cardiothoraciz 
disproportion—a new technique for the diagnosis of tho- 
racic hypoplasia (DeVore et al). 1986; 155:1066-71 
Thromboembolism 
A stillbirth with aspirated squamous pearls and fetoplacental 
thromboembolism: a new finding and reminder of the 
importance of placental and fetal pathologic conditions 
(Altshuler and Jordan). 1986; 155:106-7 
Drug prescribing for chronic medical disorders during 
pregnancy: an overview (Rayburn and Lavin). 1986 
155:565-9 (Clin. Opinion) 
Pulsatile heparin administration in pregnancy: a new ap- 
proach (Hahn). 1986; 155:283-7 
Thrombolytic therapy for pulmonary embolism <n preg- 
nancy: a case report (Delclos and Davila). 1986; -55:375- 
6 
Use of the Greenfield filter for thromboembolic d:sease in 
pregnancy (Hux et al). 1986; 155:734-7 
Thrombolytics , 
Thrombolvtic therapy for pulmonary embolism m preg- 
nancy: a case report (Delclos and Davila). 1986; 155:375- 
6 
Thromboxane 
Dietary fatty acids and platelet thromboxane production in 
puerperal women and their offspring (Kääpä et al). 1986; 
155:146-9 
Maternal ingestion of acetylsalicylic acid inhibits fetal and 
neonatal prostacyclin and thromboxane in humens (Yli- 
korkala et al). 1986; 155:345-9 
Thyroid 
Evidence of cyclic alterations of thyroid size during the men- 
` strual cycle in healthy women (Hegedüs et al). 1986; 
155:142-5 
Thyrotropin-releasing hormone 
Effects of thyrotropin-releasing hormone in the fetal lamb 
(Umans et al). 1986; 155:1266-71 
Tissue pH 
Arterial PO, PCO», and pH versus transcutaneous Po, and 
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Pco, and tissue pH in the fetal dog (Abitbol et al). 1986; 
155:437-43 
Tobacco 

Comparative evaluation of antepartum and postpartum 
platelet function in smokers and nonsmokers eusen 
et al). 1986; 155:1276-80 

Tomography l 

Computed tomography in evaluation of gynecologic malig- 
nancies: a retrospective analysis (King et al). 1986; 
155:960-4 

Computerized tomography in cases of lipoid cell tumor 
causing virilization (oruner) (Letter); (Zarate) (Reply). 
1986; 155:684-5 l 

Evaluation by compúterized axial tomography of eclamptic 
women with seizures refractory to magnesium sulfate 
therapy (Dunn et al). 1986; 155: 267- 8 

Tracheal gas infusion ` 

Modification of maternal and fetal oxygenation with the use 

of tracheal gas infusion (Gleed et al). 1986; 155:429-35 - 
Transabdominal endosonography 

Transabdominal and transvaginal endosonography: evalu- 
ation of the cervix and lower uterine segment in preg- 
nancy (Brown et al). 1986; 155:721-6 

Transactions 

Transactions of the forty- eighth annual meeting of The 
South Atlantic Association of Obstetricians and Gynecol- 
ogists. 1986; 155:461-564 

Transactions of the sixth annual meeting of The Society of 
Perinatal Obstetricians. 1986; 155:691-737 

Transaminase 

Elevated serum transaminase levels during ritodrine ad- 

ministration (Lotgering et al). 1986; 155:390- 20 
Transcutaneous blood gases 

Arterial POs, PCO, and pH versus transcutaneous Po, and 
Pco, and tissue pH in the fetal dog ann et al). 1986; 
155:437-43. 

Transfusions 

Intrauterine intravascular transfusions for severe red blood 
cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 

The role of feticide in the management of severe twin 
transfusion _ syndrome (Wittmann et alj: 1986; 155: 
1023-6 

Use of a small-gauge needle for intrauterine fetal transfu- 
sions (Barss et al). 1986; 155:1057-8 ` 

Transvaginal endosonography _ 

Transabdominal and transvaginal endosonography: evalu- 
ation of the cervix and lower. uterine segment in preg- 
nancy (Brown et al). 1986; 155:721- 6 

Transverse lower-segment scar 

Emergent cesarean delivery in patients undergoing a trial 
of labor with a transverse lower-segment s scar (Finley and 
Gibbs). 1986; 155: 936-9 

Trauma 

Iatrogenic ureteral injury: aggressive or conservative treat- 

ment (Witters et al). 1986; 155:582-4 
Trend analysis 

Assessment of menstrual cycle symptoms by trend analysis 
(Magos and Studd). 1986; 155:271-7 

Trend analysis of the symptoms of 150 women with a history 
of the premenstrual syndrome (Magos et al). 1986; 
155:277-82 

Trial labor 

Emergent cesarean delivery in patients undergoing a trial 
of labor with a transverse lower-segment scar (Finley and 
Capas 1986; 155:936-9 
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_Trigg’s tracking technique 


Assessment of menstrual cycle symptoms by trend analysis 

(Magos and Studd). 1986; 155:271-7 
Triglycerides’ ` 

The effect of ethanol òn the jedan of lactate triglyc- 
erides, phospholipids, and free fatty acids in the perfused 
human placenta (Rice et al). 1986; 155: 207- l1 

Triplet pregnancy ` 

Triplet pregnancy after low-dose pulsatile gonadotropin- 
releasing hormone in polycystic ovarian disease (Filicori 
et al). 1986; 155:768-9 

Trophoblast l 

Expression of reoaine common antigens and 
placental-type alkaline phosphatase in complete molar 
pregnancy (Berkowitz et al). 1986; 155:443-6 

Immunohistochemical localization of human chorionic go- 
nadotropin, placental lactogen, and pregnancy-specific 
globulin in early placentation trophoblast: implications 
for evaluating trophoblastic difzerentiation in germ cell 
neoplasm (Tuttle et al) (Letter). 1986; 155:686-7 

Methotrexate inhibition of normal trophoblasts in vitro 
(Sand et al). 1986; 155:324-9 

The placental bed biopsy: review from three European cen- 
ters. (Robertson et al). 1986; 155:401-12 (Curr. Dev.) 

Radioimmunoassay of ‘free B-subunit of human chorionic 
gonadotropin as a prognostic test for persistent tropho- 
blastic disease in molar preian (Khazaeli et al). 1986; 
155:320-4 

Risk factors for gestational trophoblastic neoplasia (Meizner 
et al) (Letter). 1986; 155:456-7 

Squamous and trophoblastic cells in the maternal pulmo- 
nary circulation identified by invasive hemodynamic mon- 

itoring during the peripartum period (Lee et al). 1986; 
155:999-1001 

T-cell subsets and natural killer cell activity in patients with 
‘gestational trophoblastic neoplasia (Ho et al). 1986; 
155:330-4 l 

Trypsin 

The relationship between trypsin activity in amniotic fluid 
and premature rupture of membranes (Kanayama et al). 
1986; 155:1043-8 

Tryptophan 

Maternal dietary substrates and human fetal biophysical ac- 
tivity. I. The effects of tryptophan -and glucose on fetal 
breathing movements (Devoe et al). 1986; 155:135-40 

Tubal occlusion; see Fallopian tube ~ 
Tubuloreticular inclusions - 

Tubuloreticular inclusions in placental chorionic villi of rhe- 
sus monkeys after-maternal treatment with interferon 
(Feldman et al): 1986; 155:413-24 

Tumor; sée also Carcinoma; Neoplasia 

Computerized tomography in cases of lipoid cell tumor 
causing virilization (Grunert) Letter); (Zárate) (Reply). 
1986; 155:684-5 

Endocrine aspects.of human uterine sarcoma: a preliminary 
. study (Tseng et al). 1986; 155:95-101 

Insulinoma complicating pregnancy: case report and review 
of the literature (Galun et al). 1986; 155:64-5 

Prognostic value of peritoneal washings in patients with ma- 
lignant mixed millérian tumors of the uterus (Geszler et 
al). 1986;-155:83-9 

Tumor marker 

CA 125: a useful marker in endometrial carcinoma (Duk et 
al). 1986; 155:1097-102 

CA 125 antigen in human amniotic fluid and fetal mem- 
branes (O’Brien et al). 1986; 155:50-5 
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The CA 125 assay as a predictor of clinical recurrence in 
epithelial ovarian cancer (Niloff et al). 1986; 155:56-60 
Hydatidiform mole: cytogenetic marker analysis in twin ges- 
tation eiceley et al). 1986; 155:614- 7 

Twins ' 

Delivery of premature twins (Mazor et al) Cai (Olofsson 
and Rydhström) (Reply). 1986; 155:915 - 

Human placental lactogen and unconjugated estriol con- 

= céntrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and single 
intrauterine fetal death (Trapp et al). 1986; 155:1027-31 

Hydatidiform mole: cytogenetic marker analysis in twin ges- 
tation (Vejerslev et al). 1986; 155:6]4-7 

Intrapartum management of second twin: internal podalic 
version with unruptured membranes (Rabinovici et al.) 
(Letter); (Olofsson and - Ryans) (Reply). ` 1986; 
155:914-5 

Magnetic resonance imaging and ultrasonography in the 
antenatal evaluation: of conjoined twins (Turner et al). 
1986; 155:645-9° 

Monoamniotic twins: antenatal diagnosis and management 
(Sutter etal). 1986; 155:836-7 

The role of feticide in the management of severe twin trans- 
fusion syndrome (Wittmann et al). 1986: 155:1023-6 

The “vanishing twin”: ultrasonographic assessment of fetal 
disappearance in the first trimester (Landy et al). 1986; 
155:14-9 

Ultrasonic measurement of fetal shana length in single- 
ton and twin i (aame et al). 1986; 155:838- 
4] 


U 


Ultrasound . 
Antenatal diagnosis of fetal seizure activity with use of real- 
-time ultrasound (Conover et al). 1986; 155:846-7 - 
' Development of uterine artery compliance in pregnancy as 
detected by Doppler ultrasound (Schulman et al): 1986; 
 155:1031-6 
Efficacy of mathematical methods for ultrasound exami- 
nations in diabetic pregnancies (Rossavik et al). 1986; 
155:638-44 
Functional development of human eye movement in utero 
assessed quantitatively with real-time ultrasound (Inoue 
et al). 1986; 155:170-4 
Intrauterine intravascular transfusions for severe red blood 
` cell isoimmunization: ultrasound-guided percutaneous 
approach (Berkowitz et al). 1986; 155:574-81 
Limitations of using maximum vertical pocket and other 
sonographic evaluations of amniotic fluid volume to pre- 
dict fetal growth: technical or papmicbict (Bonom, ‘et al) 
1986; 155:154-8 
Magnetic resonance imaging and ultrasonography in the 
antenatal evaluation of conjoined twins (Turner et ma 
1986; 155:645-9 
Maternal hemorrhage into the amniotic sac producing : an 
apparent umbilical cord mass on ones (Witter and 
Sanders). 1986; 155:649-51 
Operative hysteroscopy. under real-time ultrasonography 
(Shalev and Zuckerman) (Letter). 1986; 155:1360-1! 
Predictive value of ultrasonic targeted imaging for fetal 
anomalies (Arora) (Letter); (Sabbagha) (Reply) 1986; 
155:452 
Prenatal diagnosis of craniofacial malformations with ultra- 
` sonography (Pilu et al). 1986; 155:45-50 
The prenatal diagnosis of ventral abdcminal wall defects 
(Hasan and Hermansen). 1986; 155:842-5 
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Ultrasonic measurement of fetal femoral length in singleten 
and twin pregnancies (Haines et al). 1986; 155:838-4] 
The “vanishing twin’: ultrasonographic assessment of fetal 
disappearance in the first trimester (Landy et al). 1985; 
155:14-9 
Umbilical cord 
Clinical application of the perineal scan: prepartum screen- 
ing for cord presentation (Sakamoto et al). 1983: 
155:1041-3 
Congenital absence of the umbilical cord resulting fron 
' maldevelopment of embryonic body folding ees 
et al). 1986; 155:1049-51 
Effect of antipyrine on prostaglandin levels and uterire 
and umbilical blood flow (Cashner et al). 1986; 153: 
1305-10 
Lead and cadmium concentrations in aera and umbi- 
ical cord blood, ‘amniotic fluid, placenta, and amniot.c 
membranės (Korpela et al). 1986; 155:1086-9 
Maternal hemorrhage into the amniotic sac producing an 
apparent umbilical cord mass on sonogram (Witter ard 
Sanders). 1986; 155:649-51 - 
Pregnancy events and brain damage yea 1986; 155;6- 
9 (Clin. Opinion) 
Umbilical vein . . a 
Oxytocin injection into the umbilical vein in women with 
retained placenta: a questionable method: (Haukssor) 
(Letter). 1986; 155:1140 
Unconjugated estriol 
Human placental lactogen and unconjugated estriol cor- 
centrations in twin pregnancy: monitoring of fetal de- 
velopment in intrauterine growth retardation and sir- 
gle intrauterine fetal death Grapp et al). 1986; 15E: 
1027-31 
Ureaplasma urealyticum 
Enhancement of colonization of Ureaplasma urealyticum im 
the mouse genital tract by estrogen treatment eae e 
al). 1986; 155: 1124-7 
Ureter 
. Iatrogenic ureteral injury: aggressive or conservative treat- 
ment (Witters et al). 1986; 155: 582-4 
Urethra 
Reduction of urethral pressure in response. to stress: rela 
tionship to ure mobility (Richardson). 1986; 155:2C 
5 
Urethral axis and sphincteric function (Fanti et al). 1986; 
155:554-8 
Urinary diversion 
Urinary diversion with use of ileal and sigmoid conduits 
(Stanhope et al). 1986; 155:288-92. 
Urinary incontinence; see Stress incontinence 
Uterine blood flow ` 
Arteriographic management of uterine arteriovenous fis 
` tula (Brown et al). 1986; 155:491-3 
Development of uterine artery compliance in pregnancy a3 
detectéd by Doppler ultrasound (Schulman et al). 1986 
155:1031-6 
Effect of antipyrine on prostaglandin levels and uterine anc 
umbilical blood flow (Cashner et al), 1986; 155:1305-10 
Hemodynamic effects of intravenous cocaine on the preg- 
nant ewé and fetus (Moore et al). 1986; 155:883-8 
Systemic and uterine responses to a-adrenergic stimulatior 
in pregnant and ‘nonpregnant ewes (Magness and Rosen- 
feld). 1986; 155:897-904 
Uterine arteriovenous malformation successfully embolizec 
with a liquid polymer, isobutyl So als agg ea 
et me 1986; 155:659-60 - 
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Uneroplaceaial blood flow 
Maternal estradiol response to ier in uteroplacental 
blood flow (Fritz et al). 1986; 155:1317-25 
Uteroplacental unit l 
Uteroplacental unit as a source m elevated circulation pro- 
renin levels in normal ee (Brar et al). 1986; 
155:1223-6 
Uterus; see also Cervix 
Adhesion prevention in the rabbit with sodium carboxy- 
methylcellulose solutions (Kotry et al). 1986; 155:667-70 
The effect of aminophylline on uterine smooth muscle con- 
tractility and prostaglandin production in the pregnant 
rat uterus in vitro (Laifer et al). 1986; 155:212-5 — 
Electrical and mechanical uterine activity and gap Junctions 
in estrogen-treated oophorectomized ee (VAROEN et 
al). 1986; 155:1192-6 
Endocrine aspects of human uterine sarcoma: a preliminary 
study (Tseng et al). 1986; 155:95-101 
Fetal cardiorespiratory changes during spontaneous prela- 
bor uterine contractions in sheep (Llanos et al). 1986; 
. 155:893-7 
Hemodynamic effects of caval and uterine venous occlusion 
in pregnant sheep (Lotgering and Wallenburg). 1986; 
` 155:1164-70 
Prognostic value of peritoneal washings in patients with ma- 
lignant mixed müllerian tumors of the uterus (Geszler et 
al). 1986; 155:83-9 
Regression of uterine leiomyomas: after treatment with ges- 
trinone, an antiestrogen, antiprogesterone (Coutinho et 
al). 1986; 185:761-7 
Uterine fluid and prolactin secretion in. the ovulating cy- 
l nomolgus monkey (Ying et al). 1986;.155:677-80 
Uterus didelphys with microscopic communication between 
horns (Sanfilippo and Levine). 1986; 155:1055-6 
Volume reduction of the uterus during and soon after hys- 
terectomy (Ranney and Leonardson). 1986; 155:354-7 


Vv 


Vagina : - 
Collagenolysis in human vaginal tissue, during pregnancy 
and delivery: a light and electron microscopic study (Man- 

abe and Yoshida). 1986; 155:1060-6 

Disaturated phosphatidylcholine as a fetal lung maturity 
test: lack of interference by seminal ejaculate as a con- 
taminant in vaginally pooled amniotic fluid samples (Tsai 
et al). 1986; 155: 101- 2 

Vaginitis 

A macrophage desci in women with recurrent Candida vag- 
initis and its reversal in vitro by prostaglandin inhibitors 
(Witkin et al)..1986; 155:790-5 

Therapy of candidal vaginitis: the effect of eliminating | in- 
testinal.Candida. 1986; 155:651 -5 

Vanishing twin 

The “vanishing twin”; ultrasonographic assessment of fetal 
disappearance in the first trimester (Landy et al). 1986; 

_ 155:14-9 

Vaporization - 

A comparison between laser excisional conization and laser 
vaporization for the treatment of cervical intraepithelial 
neoplasia (Baggish). 1986, 155:39-44 

Vascular resistance 

Pregnancy-induced Aiea in resistance blood jasi; 
(McLaughlin and Keve). 1986; 155:1296-9 

Systemic and uterine responses to a-adrenergic stimulation 
in pregnant and nonpregnant ewes (Magness and Rosen- 
feld). 1986; 155:897-904 
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Vasoactive intestinal polypeptide 

Plasma vasoactive intestinal polypeptide, insulin, gastric in- 
hibitory polypeptide, and blood glucose in late pregnancy 
and during and after delivery (Holst et al). 1986; 155:126- 
31 

Vasopressin 

Renal effects of ovine fetal arginme vasopressin secretion 
in response to maternal hyperosmolality (Ervin et al). 
1986; 155:1341-7 

Vasopressor 

Vasopressor activity in incubated plasma of normal and hy- 
pertensive pregnant women (Yoshimura et al). 1986; 
155:162-5 

Vena cava 

Hemodynamic effects of caval and uterine venous occlusion 
in pregnant sheep (Lotgering and Wallenburg). 1986; 
155:1164-70 

Venous glucose 

The relationship between capillary a and venous glucose con- 
centration during pregnancy (Weiner et al). 1986; 155:61- 
4 

Venous occlusion . 

Hemodynamic effects of caval and uterine venous occlusion 
in pregnant sheep (Lotgering and Wallenburg). 1986; 
155:1164-70 

Ventral wall defect 

The prenatal diagnosis of ventral abdominal wall defects 
(Hasan and Hermansen). 1986; 155:842-5 

Positive amniotic fluid acetylcholinesterase: distinguishing 
between open spina bifida and ventral wall defects (Bur- 
ton). 1986; 155:984-6 

Ventricle l i 

Echocardiographic left ventricular mass to differentiate 
chronic hypertension from preeclampsia during preg- 
nancy (Thompson etal}. 1986; 155:994-9 

Motor and cognitive development of infants with intra- 
ventricular hemorrhage,. ventriculomegaly, or periven- 
tricular parenchymal lesions (Low et al). 1986; 155: 
750-6 

Vertical pocket . 

Limitations-of using maximum vertical pocket and other 
sonographic evaluations of amniotic fluid volume to pre- 
dict fetal growth: technical or physiologic? (Bottoms et al) 
1986; 155:154-8 

Vibration 

Effects of vibratory acoustic stimulation on human fetal 
breathing and gross fetal body movements near term 
(Gagnon et al). 1986; 155:1227-30 

Stimulation of human fetuses with sound and vibration 
(Gagnon et ai). 1986; 155:848-51 

Virilization | 

Computerized tomography in cases of lipoid cell tumor 
causing virilization (Grunert) (Letter); (Zarate) (Reply). 
1986; 155:684-5 

Viscosity 

Estrogen. effects on plasma A arterial blood pressure, 
interstitial space, plasma proteins, and blood viscosity in 
sheep (Ueda et al). 1986; 155:195-201 

Vitamin E ; 

Serum vitamin E status in infants with neonatal hyperbili- 
rubinemia (Sheriff et al) (Letter); (Marx) (Reply). 1986; 
155:1142-3 

Volvulus 

Intrauterine intestinal volvulus with hemoperitoneum pre- 
senting as fetal distress at 34 weeks’ gestation (Witter and 
Molteni). 1986; 155:1080-1 
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Vomiting 
Nausea and vomiting of pregnancy and association with 
pregnancy outcome (Tierson et al). 1936; 155:1017-22 
von Willebrand’s disease 
von Willebrand’s disease and pregnancy: management dur- 
ing delivery and outcome of offspring (Chediak et al), 
1986; 155:618-24 
Vulva 
Extramammary Paget's disease of the vulva and anus: use 
of intraoperative frozen-section margins (Stacy et al). 
1986; 155:519-24 
Recurrent carcinoma in situ of the vulva in a skin graft (Cox 
et al). 1986; 155:177-9. 
Zinc status in women with recurrent vulvovaginal candidi- 
asis (Edman et al). 1986; 155:1082-5 


W 


- Weight : 

Maternal serum o-fetoprotein screening, maternal weight, 
and detection efficiency (Macri et al). 1986; 155:758- 
6033 

Proportional weight gain and complications of pregnancy, 
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labor, and delivery in healthy women of normal prepreg- 
nant stature (Shepard et al). 1986; 155:947-54 
Wiping routine . 
Wiping routine: no problem in natural method (Woerrer) 
. (Letter); (Norris) (Reply). 1986; 155:227-8 
Women in transition 
Women im transition (McCoy). 1986; 155:461-4 (Pres. ad- 
dress} 
Wound 
Increased risk of endometritis and wound medion after 
cesarean section in insulin-dependent diabetic women 
(Diamond et al). 1986; 155:297-300 


Y 


Yolk sac 
Arachidonic acid prevents hyperglycemia-associated yolk ` 
sac damage and embryopathy (Pinter et al). 1936; 
155:691-702 


Z 


Zinc 
Zinc status in women With recurrent vulvovaginal candidi- 
asis (Edman et al). 1986; 155:1082-5 





OB-GYN 


B.C./B.E. OB-GYN wanted for 3 per- 
son Incorporated, Group Practice in 
coastal Massachusetts. One office- 
one hospital. Well established. Cover- 
age would be one in eight nights. This 
opportunity is difficult to match. No 


phone calls! Contact by letter, 


Thomas P. McCormack, M.D. 
60 Brigham Street 
New Bedford, MA 02740 








Faculty 
Openings 


Columbia Presbyterian 
_ Medical Center 


Department of Obstetrics | 


and Gynecology 


Continuing the expansion of the academic 
program in Obstetrics and Gynecology at this 
Medical Center, we invite submission of 
curriculum vitae and a statement of career 
interests from both generalists and i 
subspecialists. Physicians with career interests 
in either clinical or basic science programs 
should apply in writing to Dr. Mortimer G. 
Rosen, Chairman and Director, Department 

of Obstetrics and Gynecology, Coilege of 
Physicians and Surgeons, 630 West 168 
Street, PH16-128, New York, NY 10032. 

We take affirmative action toward equal 
opportunity. 





Columbia University 








OB/GYN 
OREGON 


Ob/Gyn BE/BC wanted to join four BC 
Physicians in a well established practice 
in great college community. 


Excellent benefits include paid malprac- 
tice insurance, pension, retirement bene- 


fits and partnership opportunity. 


Please send cv and references to: 


CORVALLIS OBSTETRICS & 
GYNECOLOGY, PC. 
3640 NW Samaritan Drive, Suite 270 
Corvallis, Oregon 97330 
(503) 758-3778 





D FACULTY POSITION 


FULL TIME 


Head, Division of Reproductive 
Endocrinalogy 
Department of Obstetrics & Gynecology 
Harbor-UCLA Medical Center of 
UCLA School of Medicine 
Torrance, CA 
Board certified or board eligible subspe- 
cialist in Reproductive Endocrinology to 
head this division. in its clinical teaching 
and interdisciplinary research activities. 
Applicants please submit C.V. to: John E. 
Gunning, M.D., Professor and Acting 
Chair, Deparment of Obstetrics & 
Gynecology ` Harbor —UCLA Medical 
Center, 1000 W. Carson Street, Torrance, 
CA 90509. l 


Equal Opportun'ty Employer 


rrerireremnanarnmovangenaganes 


Two-BC/BE OB/GYN wanted immedi- 


HIGH DESERT MEDICAL GROUP 
1669 West Avenue “J” 
-~ Lancaster, Ca 93534 
` (805) 945-5984 


3 ately for an expanding multi-specialty 


group/ HMO in the Antelope Valley/High 
Desert of Southern California. Opportu- 
nity to work with Ultrasound/Fetal Moni- 
tor/Laser Surgery. Excellent compensa- 
tion and professional opportunities. Send 


. CV and references to: 


Medical Director 
High Desert Medical Group 
1669 W. Ave J ` 
Lancaster, Ca 93534 
(805) 945-5984 





HEAD, DEPARTMENT 
“ OF OBSTETRICS 
AND GYNECOLOGIST 


Louisiana State University School of Medicine 
Shreveport is accepting applications for the posi- 
tion of Head, Department of Obstetrics and 
Gynecology. The University serves as a tertiary 
referral center for Northern Louisiana. New 
obstetric and gynecology facilities have just been 
completed and include. operating and delivery 
rooms, 10 antepartum, 50 postpartum OB beds 
and 30'GYN beds. There is a fully accredited 
residency program. The successful candidate will 
continue development of the department with 
emphasis on research and subspecialty area. 
Affirmative Action/Equal Opportunity Employer 
Applications and nominations should be for- 
warded to: 

John J. Herbst, M.D. 

Chairman Search Committee 

Post Office Box 33932 

Shreveport, La 71130-3932 

Phone: (318) 674-6074 





FACULTY POSITIONS 


_- GYNECOLOGIC ONCOLOGISTS 


DIRECTOR OF RESIDENCY 
| TRAINING 


The Department of Obstetrics and Gynecology 
at the Medical College of Ohio at Toledo is 


-accepting applications for a full-time position as 


director of the residency training program and 
for two full-time faculty positions as gynecologic 
oncologists. bs | 
The residency director is responsible for 
administration of the program and patient care, 
while the oncologists will be responsible for a 


. tumor program, including patient caze for a busy 


clinical service and student and resident educa- 
tion. Salary and academic rank will be commen- 
surate with candidates’ training and experience. - 
Please direct inquiries and curricula vitae to: 
| John L. Duhring, M.D. 
Chairman and Professor 
Department of Obstetrics-Gynecology 
Medical College of Ohia 
C.S. 10,008 
Toledo, Ohio 43699 
(419) 381-4591 


CALIFORNIA. 


Excellent Opportunity For 
Obstetrician / Gynecologist 


to join a 60-member multispe- 

Cialty group practice located in 

one of the finest oceanside 

communities in Southern 

California. Salary compensation 

with potential for partnership. 
send C.V. to: 


Marc Moser, Administrator 
Redondo Beach Medical ‘Group. 
502 Torrance Blvd. 

_ Redondo Beach, CA 90277. 





Chief of Obstetrics and 
Gynecology Department 


A major teaching hospital affiliated with the 
University of Toronto requires a Chief to lead a 
large, active clinical, acul and research 
department. 


Candidate must be licensable i in the Province of 
Ontario and have excellent communication 
skills, demonstrated leadership abilities, and 
academic achievement. 


Compensation negotiable and commensurate 
with qualifications and experience. 


Applications: to: 
sister Christine Gaudet 
Executive Director 
St. Michael’s Hospital 
30 Bond Street . 
Toronto M5B 1W8 


Subspecialist 
Positions 


615-bed tertiary care facility is seeking several 
board eligible or board certified subspecialists 
for the following areas within an expanding 
Department of Obstetrics and Gynecology. 


e Materna!/Fetal: Medicine 
Two new positions availabie in our estab- 
lished division of Maternal/Fetal Medicine. 

_ Ultrasound experience desirable. 


è Reproductive Endocrinology 
An exceptional growth opportunity is 
available fora pe to direct this new 
division. 


These positions offer excellent opportunities 
for professional development to qualified 
physicians interested in subspecialty practice, 
resident training, and research/faculty status 
in a large university affiliated hospital. 


For immediate consideration, 
please submit your Curriculum 
y Vitae or contact Dr. David B. 
SINAI Schwartz, Department of 
se Obstetrics and Gynecology, 


Sinai Hospital of Detroit, 6767 
F DETROIT W. Outer Drive, Detroit, MI 


48235, or call (313) 493-5220. 
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Michael Reese Health Plan 


47@YAWA A LARGE HOSPITAL-BASED HMO 


has openings for the following full-time 
position: 


Obstetrician 
Gynecologist 


THE MICHAEL REESE HEALTH PLAN, 

a well-established and rapidly-expanding, 

federally-qualified HMO seeks Board Cer- 
tified/Eligible Obstetrician/Gynecologists. 


THIS POSITION entails both outpatient and 
hospital practice as well as medical students 
and house staff teaching. 


REMUNERATION is high and campeitie ! 
with academic. and fee-for-service practice 
markets. Fringe benefits are generous. 


INTERESTED APPLICANTS should send 


Cuniculum Vitae in confidence to: 
Dr. Stephen Contro, Medical Director, 
MICHAEL REESE HEALTH PLAN, 


2545 Martin Luther King Drive, 


Chicago 60616 


an equal opportunity employer m/f/h 1 


PERINATOLOGIST 


Board certified/eligible Perinatologist 
for 233-bed teaching hospital serving 
avery high risk population. Residency 
training in OB/GYN. Close collegial 
support from Stanford Perinatology 
- Section. Extensive maternal-child 
health expansion program under way. 
Compensation very competitive. 
Submit C.V. and references to: 


J. D. Kortzeborn, M.D., FAAP 
. Médical Director 
San Joaquin General Hospital 
PO. Box 1020 
Stockton, CA 95201 
A 982-1800, Ext. 3052- 
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Reproductive 
Endocrinology-tnfertility 


Stanford University, Department of Gynecol- - 


ogy and Obstetrics. Full-time tenure-track po- 
sition at assistant professor level. Require- 
ments: Certified (or Eligible) by the American 
Board of Obstetrics and Gynecology; Board 
Certified or Board Eligible in Reproductive 
Endocrinology and/or minimum of two years 
of laboratory training and experience with an 
emphasis on physiology or biochemistry, in- 
cluding experience with radioimmunoassay. 
Ph.D. not required but desirable. Demon- 
strated teaching abilities. 


Stanford University is committed to increasing 
representation of women and members of 
minority groups on its faculty and particularly 
encourages applications from such candi- 
dates. 


Please send CV and names of three refer- 
ences to: 


Emmet J. Lamb, M.D. 
Chairman, Search Committee 
. Department of Gynecology and Obstetrics 
Stanford University School of Medicine 
Stanford, CA 94305-5317 


OBSTETRICIAN 
GYNECOLOGIST 


Position available with The Permanente 
Medical Group, Inc., San Jose, California. 
Sixteen member OB/GYN Department 
seeking Board Certified / Eligible physi- 
cians for immediate openings. Excellent 
professional environment, competitive 
salary, outstanding benefits. Located in 


the San Franscisco Bay Area, with superb 


educational, cultural and recreational ac- 
tivities. 
Contact: 


Jerome L. Nehemiah, M.D., Chief 
Department of OB/GYN 
The Permanente Medica! Group, Inc. 
260 International Circle 
San Jose, CA 95119 





NORTH SHORE; 
LONG ISLAND 


Opportunity for good obstetrician/ 
gynecologist to establish practice in 
affluent booming Syosset/Woodbury 
(35 minutes from New York City). Pa- 
tient /Obstetrician ratio very top heavy. 
One suite available in building 
owned-occupied by large pediatric 
and internal medicine group. 


516-921-2122 
Contact Dr. Mesibov 


OB/GYN 


Board Certified or eligible OB/GYN 
sought to join practice of 1 OB/GYN, lo- 
cated on the south west coast of Florida. 
Excellent salary, health & dental insur- 
ance. Malpractice insurance paid. Con- 
tact: 


Vittorio Torrisi, M.D.PA. 
2400 Harbor Bivd., Suite 11 
Port Charlotte, FL 33952 
or call (813) 627-4555 


i 
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ASSISTANT, ASSOCIATE AND FULL 
PROFESSOR FACULTY POSITIONS 


iN REPRODUCTIVE MEDICINE 
The Department of Reproductive Medicine at the 
University of California, San Diégo School- of 


_ Medicine is seeking applicants for full time posi- 


tions in the Divisions of Perinatal Medicine and 
Reproductive Endocrinology & Infertility. Ac- 
tivities will include patient care, research, and 
teaching at the medical student and postgraduate 
level. Qualified applicants should be Board Eligible 
or Certified in general obstetrics and gynecology as 
well as the appropriate subspecialty. Appcintment 
at the Assistant, Associate or full Professor level, 
as well as tenure track, is dependent on previous 
experience. Salary related to rank and step of ap- 
pointment within the established salary schedule of 
the University of California, San Diego School of 
Medicine. Please send curriculum. vitae and three 
names and addresses for recommendaticn before 
February 1, 1987 to: 
Robert Resnik; M. D. 

Professor and Chairman 
Department of Reproductive Medicine 
U.C.S.D. Medical Center H-813 
225 Dickinson Street 
san Diego, California 92103 - 


The University of California is an 
Equal Opportunity/Affirmative Action Employer 


Assistant Professor 


Department of Obstetrics & Gynecology 


Applicant must have completed an accredited 


residency in Obstetrics and Gynecology and a 
Fellowship in Reproductive Endocrinology or 


Maternal Fetal Medicine with special interest — 
in Genetics and/or Sonography. Applicant will 
participate in students; Resident and Fellow 
training, clinical care of women at Parkland 


Memorial Hospital, and basic and clinical re- 
search. Must be eligible for Texas licensure. 
Interested persons send curriculum vitae to: 


F. Gary Cunningham, M.D. 
Professor -and Chairman 
‘Department Obstetrics and Gynecology 
University of Texas Health Science Center 
5323 Harry Hines Boulevard 
Dallas, Texas 75235-9032 





DIRECTOR OF REPRODUCTIVE 
ENDOCRINOLOGY 


The Union Memorial Hospital, Department of 
Gynecology and Obstetrics, is seeking a 
Board Certified’ Obstetrician-Gynecologist/ 
Reproductive Endocrinologist as Director of 
our Division of Reproductive Endocrinology 
and In Vitro Fertilization program. 


There is currently two thousand square foot 
equipped endocrine laboratory space. The 
position requires one-third research, one-third 
education, and one-third private practice. Sal- 
ary and academic appointment are negoti- 
abie. Interested parties please submit cur- 
riculum vitae: 


Clifford R. Wheeless, Jr., M.D. 
Department Gynecology and Obstetrics 
The Union Memorial Hospital 
201 E, University Parkway 
Baltimore, Maryland 21218 


ASSISTANT PROFESSOR 
MATERNAL FETAL MEDICINE 


The Department of Obstetrics and 
Gynecology at the University of 
Washington is seeking a board eligible 
or board certified specialist i in maternal 
fetal medicine. Candidates should 
have proven research capabilities that 
will complement and enhance ongoin- 
ing divisional research programs in 
either maternal cardiovascular 
hemodynamics, diabetes, genetics or 
prematurity. The demonstrated ability 
to attract independent research sup- 
port is desirable. 


Reply with a CV to: | 
_ Thomas J. Benedetti 
Division of Perinatal Medicine 


University of Washington RH-20 
Seattle, WA 98195 


The University of Washington is an equal! opportunity employer. 
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TRADEMARK 


‘norethindrone /ethinyl estradiol) 


ach white tablet contains 0.5 mg norethindrone and 0.035 mg ethinyl estradiol. Each lignt peach tablet contains 0.75 mg 
iorethindrone and 0.035 mg ethinyl estradiol. Each peach tablet contains 1 mg norethindrone and 0.035 mg ethinyl 
stradiol. Each green tablet in 28-day regimen contains inert ingredients. 


MPORTANT NOTE—This information is a BRIEF SUMMARY of the complete prescribing information provided with the 
roduct and therefore should not be used as the basis for prescribing the product. This summary was poos by 
eleting from the complete prescribing information certain text, tables, and references. The physician Id be 
horoughly familiar with the complete prescribing information before prescribing the product. 


NDICATIONS AND USAGE: PREVENTION OF PREGNANCY. 

\OSE-RELATED RISK OF THROMBOEMBOLISM FROM ORAL CONTRACEPTIVES: Two studies have shown a positive 
ssociation between the dose of estrogens in oral contraceptives and the risk of thromboembolism. For this reason, it is 
rudent and in keeping with good principles of therapeutics to minimize exposure to estrogen. The oral contraceptive 
oduct prescribed for any given patient should be that product which contains the least amount of estrogen that is 
ompatible with an acceptable pregnancy rate and patient acceptance. It is recommended that new acceptors of oral 
ontraceptives be started on preparations containing .05 mg or less of estrogen. 

SONTRAINDICATIONS: Ora! contraceptives should not be used in women with any of the following conditions: 1. 
‘hrombophlebitis or thromboembolic disorders. 2. A past history of deep vein thrombophlebitis or thromboembolic 
lisorders. 3. Cerebral vascular or coronary artery disease. 4. Known or suspected carcinoma of the breast. 5. Known or 
iuspected estrogen-dependent neoplasia. 6. Undiagnosed, abnormal genital bleeding. 7. Oral contraceptive tablets may 
ause fetal harm when administered to a pregnant woman. Oral contraceptive tablets are contraindicated in women who 
ire pregnant. If the patient becomes pregnant while taking this drug, the patient should be apprised of the potential hazard 
o the fetus (see WARNINGS, No. 5). 8. Benign or malignant liver tumor which developed during the use of oral 
‘ontraceptives or other estrogen-containing products. 


WARNINGS 


Cigarette smoking increases the risk of serious cardiovascular side effects from oral contraceptive use. This risk 
increases with age and with heavy smoking (15 or more cigarettes per day) and is quite marked in women over 35 
ears of age. Women who use oral contraceptives should be strongly ed not to smoke. 
he use of oral contraceptives is associated with increased risk of several serious conditions including 
thromboembolism, stroke, myocardial infarction, hepatic adenoma, gallbladder disease, hypertension. Practi- 
tioners prescribing oral contraceptives should be familiar with the following information relating to these risks. 


. THROMBOEMBOLIC DISORDERS AND OTHER VASCULAR PROBLEMS. An increased risk of thromboembolic and 
hrombotic disease associated with the use of oral contraceptives is well establishec. Four principal studies in Great 
sritain and three in the United States have demonstrated an increased risk of fatal and nonfatal venous thromboembolism 
ind stroke, both hemorrhagic and thrombotic. These studies estimate that users of ora! contraceptives are 4 to 11 times 
nore likely than nonusers to develop these diseases without evident cause. Overall excess mortality due to pulmonary 
mbolism or stroke is on the order of 1.0 to 3.5 deaths annually per 100,000 users and increases with age. 
YEREBROVASCULAR DISORDERS: In a collaborative American study of cerebrovascular disorders in women with and 
without predisposing causes, it was estimated that the risk of hemorrhagic stroke was 2.0 times greater in users than in 
yonusers and the risk of thrombotic stroke was 4.0 to 9.5 times greater in users than in nonusers. A prospective study 
sonducted in Great Britain estimated that former users have a risk for all cerebrovascular disease 2.6 times greater than 
hat of nonusers. This risk remained elevated for at least six years after last oral contraceptive use. A prospective study 
sonducted in the United States found that past use of oral contraceptives was associated with increased risk of 
subarachnoid hemorrhage, the relative risk being 5.3. There was also some evidence from this study that the degree of risk 
nay be related to duration of oral contraceptive use. MYOCARDIAL INFARCTION: An increased risk of myocardial 
nfarction associated with the use of oral contraceptives has been reported confirming a previously suspected 
issociation. These studies, conducted in the United Kingdom, found, as expected, that the greater the number of 
ed risk factors for coronary artery disease (cigarette smoking, hypertension, hypercholesterolemia, obesity, 
jiabetes, history of preeclamptic toxemia), the higher the risk of developing myocardial infarction, regardless of whether 








he patient was an oral contraceptive user or not. Oral contraceptives, however, were found to be a clear additional risk . 


actor. The annual excess case rate (increased risk) of myocardial infarction (fatal and nonfatal) in oral contraceptive 
isers was estimated to be approximately 7 cases per 100,000 women users in the 30-39 age group and 67 cases per 
100,000 women users in the 40-44 age group. In terms of relative risk, it has been estimated that oral contraceptive users 
vho do not smoke (smoking is considered a major predisposing condition to myocardial infarction) are about twice as 
ikely to have a fatal myocardial infarction as nonusers who do not smoke. Oral contraceptive users who are also smokers 
lave about a 5-fold increased risk of fatal infarction compared to users who do not smoke, but about'a 10- to 12-fold 
ncreased risk compared to nonusers who do not smoke. Furthermore, the amount of smoking is also an important factor. 
n determining the importance of these relative risks, however, the baseline rates for various age groups must be given 
ierious consideration. The importance of other predisposing conditions mentioned above in determining relative and 
ibsolute risks has not as yet been quantified; it is quite likely that the same synergistic action exists, but perhaps to a 
esser extent. A study suggests that some increased risk of myocardial infarction in oral contraceptive users persists 
ollowing discontinuation of oral contraceptives and that the degree of the residual risk is related to the duration of the 
vast use. Risk of Dose: In an analysis of data derived from several national adverse reaction reporting systems, British 
nvestigators concluded that the risk of thromboembolism including coronary thrombosis is directly related to the dose of 
sstrogen used in oral contraceptives. Preparations containing 100 mcg or more of estrogen were associated with a higher 
isk of thromboembolism than those containing 50-80 mcg of estrogen. Their analysts did suggest, however, that the 
juantity of estrogen may not be the sole factor involved. This finding has been confirmed in the United States. Careful 
:pidemiological studies to determine the degree of thromboembolic risk associated with progestogen-only oral 
:ontraceptives have not been performed. Cases of thromboembolic disease have been reported in women using these 
oducts, and they should not be presumed to be free of excess risk. The risk of thromboembolic and thrombotic 
fisorders, in both users and nonusers of oral contraceptives, increases with age. Oral contraceptives are, however, an 
ndependent risk factor for these events. ESTIMATE OF EXCESS MORTALITY FROM CIRCULATORY DISEASES: A large 
yrospective study carried out in the United Kingdom estimated the mortality rate per 100,000 women per year from 
jiseases of the circulatory system for users and nonusers of oral contraceptives according to age, smoking habits, and 
juration of use. The overall excess death rate annually from circulatory diseases for oral contraceptive users was 
1stimated to be 20 per 100,000 (ages 15-34—5/100,000; ages 35-44—33/100,000: ages 45-49—140/100,000), the risk 
yeiNg concentrated in older women, in those with a long duration of use, and in cigarette smokers. It was not possible, 
owever, to examine the interrelationships of age, smoking, and duration of use, nor to compare the effects of continuous 
rersus intermittent use. Although the study showed a 10-fold increase in death due to circulatory diseases in users for 
ive or more years, all of these deaths occurred in women 35 or older. Until larger numbers of women under 35 with 
sontinuous use for five or more years are available, it is not possible to assess the magnitude of the relative risk for this 
rounger age group. This study reports that the increased risk of circulatory disease mortality may persist after the pill is 
fiscontinued. Another study published at the same time confirms a previously reported increase of mortality in pill users 
rom cardiovascular disease. The study concluded that the mortality associated with all methods of birth control is low 
ind below that associated with childbirth, with the exception of oral contraceptives in women over 40 who smoke. (The 
ates given for pill only/smokers for each age group are for smokers as a class. For ‘heavy’ smokers Lat ge than 15 
sigarettes a day], the rates.given would be about double; for “light” smokers [less than 15 cigarettes a day], about 50 
yercent.) The mortality associated with oral contraceptive use in nonsmokers over 40 is higher than with any other 
nethod of contraception in that age group. The lowest mortality is associated with the condom or diaphragm backed up 
vy early abortion. The risk of thromboembolic and thrombotic disease associated with oral contraceptives increases with 
ige after approximately age 30 and, for myocardial infarction, is further increased by hypertension, hypercholesterole- 
nia, obesity, diabetes, or history of preeclamptic toxemia and especially by cigarette smoking. The risk of myocardial 
nfarction in oral contraceptive users is substantially increased in women age 40 and over, especially those with other risk 
actors. The physician and the patient should be alert to the earliest manifestations of thromboembolic and thrombotic 
fisorders (e.g.. thrombophlebitis, pulmonary embolism, cerebrovascular insufficiency, coronary occlusion, retinal 
‘hrombosis, and mesenteric thrombosis). Should any of these occur or be suspected, the drug should be discontinued 
mmediately. A four- to six-fold increased risk of postsurgery thromboembolic complications has been reported in oral 
sontraceptive users. If feasible, oral contraceptives should be discontinued at least four weeks before surgery of a type 
issociated with an increased risk of thromboembolism or prolonged immobilization. 2. OCULAR LESIONS Te have 
yeen reports of neuro-ocular lesions such as optic neuritis or retinal thrombosis associated with the use of oral 
contraceptives. Discontinue oral contraceptive medication if there is unexplained, sudden or gradual, partial or complete 
oss of vision; onset of proptosis or diplopia; papilledema; or retinal vascular lesions and institute appropriate diagnostic 
ind therapeutic measures. 3. CARCINOMA. Long-term continuous administration of either natural or synthetic estrogen 
n certain animal species increases the frequency of carcinoma of the breast, cervix, vagina, and liver. Certain synthetic 
yrogestogens, none currently contained in ora! contraceptives, have been noted to increase the incidence of mammary 
1odules, benign and malignant, in dogs. In humans, three case control studies have reported an increased risk of 
*ndometrial carcinoma associated with the prolonged use of exogenous estrogen in postmenopausal women. One 
yublication reported on the first 21 cases submitted by physicians to a registry of cases of adenocarcinoma of the 
»ndometrium in women under 40 on oral contraceptives. Of the cases found in women without predisposing risk factors 
ior adenocarcinoma of the endometrium (e.g., irregular bleeding at the time oral contraceptives were first given, 
dolycystic ovaries), nearly all occurred in women who had used a sequential oral contraceptive. These products are no 
onger marketed. No evidence has been reported suggesting an increased risk of endometrial cancer in users of 
sonventional combination or progestogen-only oral contraceptives. Several studies have found no increases in breast 
vancer in women taking oral contraceptives or estrogens. One study, however, while also noting no overall increased risk 
of breast cancer in women treated with oral contraceptives, found an excess risk in the subgroups of oral contraceptive 
isers with documented benign breast disease. A reduced occurrence of benign oreast tumors in users of oral 
sontraceptives has been well-documented. In summary, there is at present no confirmed evidence from human studies of 
in increased risk of cancer associated with oral contraceptives. Close clinical surveillance of all women taking oral 
‘ontraceptives is, nevertheless, essential. In all cases of undiagnosed persistent or recurrent abnormal vaginal bleeding, 
ippropriate diagnostic measures should be taken to rule out malignancy. Women with a strong family history of breast 
sancer or who have breast nodules, fibrocystic disease or abnormal mammograms should be monitored with particular 
‘are if they elect to use oral contraceptives instead of other methods of contraception. 4. HEPATIC TUMORS. Benign 
lepatic adenomas have been found to be associated with the use of oral contraceptives. One study showed that oral 
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contraceptive formulations with high hormonal potency were associated with a higher risk than lower potency 
formulations and use of oral contraceptives with oy hormonal potency and age over 30 years may further increase the 
woman's risk of hepatocellular adenoma. Although benign, hepatic adenomas may rupture and may cause death through 
intra-abdominal hemorrhage. This has been reported in short-term as well as long-term users of oral contraceptives. Two 
studies relate risk with duration of use of the contraceptive, the risk being much greater after four or more years of oral 
contraceptive use. While hepatic adenoma is a rare lesion, it should be considered in women presenting abdominal pain 
and tenderness, abdominal mass or shock. A few cases of hepatocellular carcinoma have been reported in women ain 
oral contraceptives. The-relationship of these drugs to this type of malignancy is not known at this time. 5. USE IN O 
IMMEDIATELY PRECEDING PREGNANCY, BIRTH DEFECTS IN OFFSPRING, AND MALIGNANCY IN FEMALE OFFSPRING 
The use of female sex hormones—both estrogenic and progestational agents—during early pregnancy may seriously 
damage the offspring. It has been shown that females exposed in utero to diethylstilbestrol, a nonsteroidal estrogen, have 
an increased risk of developing in later life a form of vaginal or cervical cancer that is ordinarily extremely rare. This risk 
has been estimated to be on the order of 1 to 4 in 1000 exposures. Although there is no evidence at the present time that 
oral contraceptives further enhance the risk of developing this type of malignancy, such patients should be monitored 
with particular care if they elect to use oral contraceptives instead of other methods of contraception. Furthermore, a high 
percentage of such exposed women (from 30 to 90%) have been found to have epithelial changes of the vagina and cervix. 
Although these changes are histologically benign, it is not known whether this condition is a precursor of vaginal 
malignancy. Male children so exposed may develop abnormalities of the urogenital tract. Although similar data are not 
available with the use of other estrogens, it cannot be presumed that they would not induce similar changes. An increased 
risk of congenital anomalies, including heart defects and limb defects, has been reported with the use of sex hormones, 
including oral contraceptives, in pregnancy. One case contro! study has estimated a 4.7-fold increase in risk of 
limb-reduction defects in infants exposed in utero to sex hormones (oral contraceptives, hormonal withdrawal tests for 
pregnancy or attempted treatment for threatened abortion). Some of these exposures were very short and involved only a 
few days of treatment. The data suggest that the risk of limb-reduction defects in exposed fetuses is somewhat less than 
one in 1000 live births. In the past, female sex hormones have been used during pregnancy in an attempt to treat 
threatened or habitual abortion. There is considerable evidence that estrogens are ineffective for these indications, and 
there is no evidence from well-controlled studies that progestogens are effective for these uses. There is some evidence 
that triploidy and possibly other types of polyploidy are increased among abortuses from women who become pregnant 
soon after ceasing oral contraceptives. Embryos with these anomalies are virtually always aborted spontaneously. 
Whether there is an overall increase in spontaneous abortion of pregnancies conceived soon after stopping oral 
contraceptives is unknown. It is recommended that for any patient who has missed two consecutive periods, pregnancy 
should be ruled out before continuing the contraceptive regimen. If the patient has not adhered to the prescribed schedule, 
the possibility of pregnancy should be considered at the time of the first missed period (or after 45 days from the last 
menstrual period if the progestogen-only oral contraceptives are used), anc further use of oral contraceptives should be 
withheld until pregnancy has been ruled out. If pregnancy is confirmed, the patient should be apprised of the potential 
risks to the fetus and the advisability of continuation of the pregnancy should be discussed in the light of these risks. It is 
also recommended that women who discontinue oral contraceptives with the intent of becoming pregnant use an 
alternate form of contraception for a period of time before attempting to conceive. Many clinicians recommend three 
months although no precise information is available on which to base this recommendation. The administration of 
progestogen-only or progestogen-estrogen combinations to induce withdrawal bleeding should not be used as a test of 
pregnancy. 6. GALLBLADDER DISEASE. Studies report an increased risk of surgically confirmed gallbladder disease in 
users of oral contraceptives and estrogens. In one study, an increased risk appeared after two years of use and doubled 
after four or five years of use. In one of the other studies, an increased risk was apparent between six and twelve months 
of use. 7 CARBOHYDRATE AND LIPID METABOLIC EFFECTS. A decrease in glucose tolerance has been observed in a 
significant percentage of patients on oral contraceptives. For this reason, prediabetic and diabetic patients should be 
carefully observed while receiving oral contraceptives. An increase in triglycerides and total phospholipids has been 
observed in patients receiving oral contraceptives. The clinical significance of this finding remains to be defined. 8. 
ELEVATED BLOOD PRESSURE. An increase in blood pressure has been reported in patients receiving oral contraceptives. 
In some women hypertension may occur within a few months of beginning oral contraceptive use. In the first year of use, 
the prevalence of women with hypertension is low in users and may be no higher than that of a comparable group of ` 
nonusers. The prevalence in users increases, however, with longer exposure and in the fifth year of use is two and a half to 
three times the reported prevalence in the first year. Age is also strongly correlated with the development of hypertension 
in oral contraceptive users. Women who previously have had hypertension during pregnancy may be more likely to 
develop elevation of blood pressure when given oral contraceptives. Hypertension that develops as a result of taking oral 
contraceptives usually returns to normal after discontinuing the drug. 9 HEADACHE. The onset or exacerbation of 
migraine or development of headache of a new pattern which is recurrent, persistent, or severe, requires discontinuation 
of oral contraceptives and evaluation of the cause. 10. BLEEDING IRREGULARITIES. Breakthrough bleeding, spotting, and 
amenorrhea are frequent reasons for patients discontinuing oral contraceptives. In breakthrough bleeding, as in all cases 
of irregular bleeding from the vagina, nonfunctional causes should be borne in mind. In undiagnosed persistent or 
recurrent abnormal bleeding from the vagina, adequate diagnostic measures are indicated to rule out pregnancy or 
malignancy. If pathology has been excluded, time or a change to another formulation may solve the problem. Changing to 
an oral contraceptive with a higher estrogen content, while potentially useful in minimizing menstrual irregularity, should 
be done only if necessary since this may increase the risk of thromboembolic disease. Women with a past history of 
oligomenorrhea or secondary amenorrhea or young women without regular cycles may have a tendency to remain 
anovulatory or to become amenorrheic after discontinuation of oral contraceptives. Women with these preexisting 
problems should be advised of this possibility and encouraged to use other contraceptive methods. Postuse anovulation, 
possibly prolonged, may also occur in women without previous irregularities. 11. ECTOPIC PREGNANCY. Ectopic as well 
as intrauterine pregnancy may occur in contraceptive failures. 12. BREAST FEEDING. Oral contraceptives given in the 
postpartum period may interfere with lactation. There may be a decrease in the quantity and quality of the breast milk. 
Furthermore, a small fraction of the hormonal agents in oral contraceptives has been identified in the milk of mothers 
receiving these drugs. The effects, if any, on the-breast-fed child have not been determined. If feasible, the use of oral 
contraceptives should be deferred until the infant has been weaned. PRECAUTIONS: General: 1. A complete medical and 
family history should be taken prior to the initiation of oral contraceptives. The pretreatment and periodic physical 
examinations should include special reference to blood pressure, breasts, abdomen and pelvic organs, including 
Papanicolaou smear and relevant laboratory tests. As a general rule, oral contraceptives should not be prescribed for 
longer than one year without another physical examination being performed. 2. Under the influence of estrogen-proges- 
togen preparations, preexisting uterine leiomyomata may increase in size. 3 Patients with a history of psychic depression 
should be carefully observed and the drug discontinued if depression recurs to a serious degree. Patients becoming 
significantly depressed while taking oral contraceptives should stop the medication and use an alternate method of 
contraception in an attempt to determine whether the symptom ıs drug-related. 4. Oral contraceptives may cause some 
degree of fluid retention. They should be prescribed with caution, and only with careful Monitoring, in patients with 
conditions which might be aggravated by fluid retention, such as convulsive disorders, migraine syndrome, asthma, or 
cardiac or renal insufficiency. 5. Patients with a past history of jaundice during pregnancy have an increased risk of 
recurrence of jaundice while receiving oral contraceptive therapy. If jaundice develops in any patient receiving such drugs, 
the medication shouid be discontinued. 6. Steroid hormones may be poorly metabolized in patients with impaired liver 
function and should be administered with caution in such patients. 7. Oral contraceptive users may have disturbances in 
normal tryptophan metabolism which may result in a relative pyridoxine deficiency. The clinical significance of this is yet 
to be determined. 8. Serum folate levels may be depressed by oral contraceptive therapy. Since the pregnant woman is 
predisposed to the development of folate deficiency and the incidence of folate deficiency increases with increasing 
gestation, it is possible that if a woman becomes pregnant shortly after stopping oral contraceptives, she may have a 
greater chance of developing folate deficiency and complications attributed to this deficiency. 9. The pathologist should 
be advised of oral contraceptive therapy when relevant specimens are submitted. 10. Certain endocrine and liver function 
tests and blood components may be affected by estrogen-containing oral contraceptives: a. Increased sulfobromo- 
phthalein retention. b. Increased prothrombin and factors VII, VIII, IX, and X; decreased antithrombin 3; increased 
norepinephrine-induced platelet aggregability. c. Increased thyroid-binding globulin (TBG) leading to increased circulat- 
ing total thyroid hormone, as measured by protein-bound iodine (PBI), T4 by column, or T4 by radioimmunoassay. Free T3 
resin uptake is decreased, reflecting the elevated TBG, free T4 concentration is unaltered. d. Decreased pregnanediol 
excretion. e. Reduced response to metyrapone test. INFORMATION FOR THE PATIENT: (See Patient Package mm 
DRUG INTERACTIONS: Reduced efficacy and increased incidence of breakthrough bleeding have been associated wit 
concomitant use of rifampin. A similar association has been 8 with barbiturates, phenylbutazone, phenytoin 
sodium, ampicillin, griseofulvin, and tetracycline. CARCINOGENESIS, PREGNANCY, NURSING MOTHERS: See - 
TRAINDICATIONS and WARNINGS. ADVERSE REACTIONS: An increased risk of the following serious adverse reactions 
has been associated with the use of oral contraceptives (see WARNINGS): Thrombophlebitis. Pulmonary embolism. 
Coronary thrombosis. Cerebral thrombosis. Cerebral hemorrhage. Hypertension. Gallbladder disease. Liver tumors. 
Congenital anomalies. There is evidence of an association between the following conditions and the use of oral 
contraceptives, although additional confirmatory studies are needed: Mesenteric thrombosis. Neuro-ocular lesions, e.g., 
retinal thrombosis and optic neuritis. The following adverse reactions have been reported in patients receiving oral 
contraceptives and are believed to be drug-related: Nausea, usually the most common adverse reaction. Vomiting, occurs 
in approximately 10% or less of patients during the first cycle. Other reactions, as a general rule, are seen much less 
frequently or only occasionally. Gastrointestinal symptoms (such as abdominal cramps and bloating). Breakthrough 
bleeding. Spotting. Change in menstrual flow. Dysmenorrhea. Amenorrhea during and after treatment. Temporary 
infertility after discontinuance of treatment. Edema. Chloasma or melasma which may persist. Breast changes: 
tenderness, enlargement, and secretion. Change in weight (increase or decrease). Change in cervical erosion and cervical 
secretion. Possible diminution in lactation when given immediately postpartum. Cholestatic jaundice. Migraine. Increase 
in size of uterine leiomyomata. Rash (allergic). Mental depression. Reduced tolerance to carbohydrates. Vaginal 
candidiasis. Change in corneal curvature (steepening). Intolerance to contact lenses. The following adverse reactions 
have been reported in users of oral contraceptives, and the association has been neither confirmed nor refuted: 
Premenstrual-like syndrome. Cataracts. Changes in libido. Chorea. Changes in appetite. Cystitis-like syndrome. 
Headache Nervousness. Dizziness. Hirsutism. Loss of scalp hair. Erythema multiforme. Erythema nodosum. Hemor- 
rhagic eruption. Vaginitis. Porphyria. Impaired renal function. Hemolytic uremic syndrome. OVERDOSAGE: Serious ill 
effects have not been reported following acute ingestion of large doses of oral contraceptives by young children 
Overdosage may cause nausea, and withdrawal bleeding may occur in females. OR 
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